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Evolução da Sequência Contendas-Mirante e seu embasamento: implicações para a 
tectônica paleoarqueana a paleoproterozóica no nordeste do craton São Francisco  
RESUMO 
A geração e evolução da crosta continental terrestre é um dos temas fundamentais, de grande 
discussão e desafio, dentro das Geociências. Os impactos decorrentes desta temática são díspares e 
envolvem entre outros aspectos a origem da vida, o desenvolvimento da dinâmica terrestre e a 
formação dos depósitos minerais. O crescimento e evolução da crosta continental terrestre é um 
processo complexo que envolve a geração de magmas básicos primários e sua diferenciação 
química em presença de água para composições mais félsicas. A diferenciação química é em 
essência um processo de destilação, e a compreensão do papel da litosfera terrestre como um filtro 
reativo e/ou armadilha durante o processo de destilação é fundamental na compreensão dos 
diferentes estágios que definem a evolução magmática. A variação composicional observada nas 
rochas que compõem a litosfera terrestre muda com o tempo. Por exemplo, suítes máficas devem 
ter sido predominante no Eoarqueano, suítes tonalito-trondhjemito-granodiorito (TTG) são 
predominantes no Paleoarqueano, sanukitóides apareceram no final do Mesoarqueano e suítes 
cálcio-alcalinas (CA) se tornaram generalizadas no Neoarqueano. Existe atualmente muita 
discussão se a tectônica de placas tal como ocorre no Fanerozóico estava operante antes de 3 Ga. 
Em território brasileiro, o Bloco Gavião é a região mais promissora para testar esta possibilidade, 
uma vez que contém vastas áreas com crosta continental paleoarqueana bem preservada. Alocado 
em dados U-Pb, Lu-Hf e geoquímica de rocha de alta qualidade e apoiado em observações de 
campo, início a descrição da ampla variação composicional caracterizada pela transição entre as 
suítes TTG e CA de baixo- a alto-potássio, formadas continuamente entre 3,42 e 3,32 Ga. Esta 
transição marca respectivamente os estágios de crescimento e estabilização da litosfera terrestre 
em diferentes regiões cratônicas do planeta. De modo extraordinário, o sistema plutônico-
vulcânico de 3,30 Ga preserva feições ígneas primárias e sua formação ocorreu durante evento 
extensional relacionado ao colapso gravitacional da crosta continental recém-espessada. Por sua 
vez, a erosão das diferentes suítes de rochas se encontra preservadas em bacias vulcano-
sedimentares e a análise isotópica de mineral acessório é utilizados no estudo de proveniência 
sedimentar. Ao longo dos 600 km da borda oriental do bloco Gavião diferentes sequências 
supracrustais são comumente intrudidas por granitos e delimitam o lineamento Contendas-
Jacobina. Estudo U-Pb em zircão detrítico demonstra que as sequências Contendas-Mirante e 
Saúde, previamente interpretadas como arqueanas, correspondem a bacias paleoproterozóica de 
antepaís desenvolvidas durante a amalgamação do cráton São Francisco-Congo. A população de 
zircão detrítico mais jovem estabelece idade mínima para deposição em 2,07 Ga, enquanto granito 
intrusivo indica idade máxima em 2,03 Ga. Por outro lado, os quartzitos que circundam os riolítos 
de 3,3 Ga e a bacia aurífera de Jacobina possuem apenas grãos de zircão cristalizados entre 3,35 e 
3,26 Ga. A presença de pirita e uraninita detrítica nos quartzitos da bacia Jacobina, associado a sua 
estratigrafia de rifte intracontinental e mineralização de Au-U relacionado a eventos hidrotermais, 
a diferenciam das bacias paleoproterozóicas e permite inferir a presença de uma bacia mais antiga, 
cuja idade mínima de deposição seria o grande evento de oxidação terrestre em 2,4-2,5 Ga. 
Palavras-chave: Evolução Crustal; Proveniência Sedimentar; Geocronologia; Geoquímica;  




Evolution of the Contendas-Mirante-Saúde supracrustal sequences and your 
basement: implications for Paleoarchean to Paleoproterozoic tectonic in the 
northeast São Francisco craton 
ABSTRACT 
The generation and evolution of the Earth's continental crust is one of the fundamental topics in 
geosciences; it involves the environment in which life originated, the development of plate 
tectonics and the formation of mineral deposits. The building of the Earth’s continental crust is a 
complex process that includes the generation of primary basic melts and water-assisted chemical 
differentiation to more felsic compositions. The chemical differentiation is in effect a distillation 
process, and understanding the role of the lithosphere as a trap and/or reactive filter during the 
distillation process is key for the multi-stage mechanisms that allow melt to differentiate. The 
compositional range of terrestrial magmatic rocks changes with time. For example, mafic suites 
should have been prevalent at the Eoarchean, tonalite-trondhjemite-granodiorite (TTG’s) 
dominated the Paleoarchean, sanukitoids appear at the Mesoarchean and calc-alkaline (CA) 
rocks become more widespread in the Neoarchean. There is currently much discussion over the 
extent to which plate tectonics was active before 3 Ga, and the São Francisco Craton provides an 
excellent testing ground as it preserves wild area of pristine continental crust formed in the 
period between 3.60 and 3.30 Ga. Based in U-Pb and Lu-Hf isotopes, high quality whole-rock 
geochemistry data and field observations, I started the description of the wide range of magmatic 
rocks that make up one of the oldest nucleus of the South American platform. The rocks are 
characterized by the transition from TTG trough CA magmatism, continuously formed between 
3.42 and 3.32 Ga. That transition marks respectively the stages of growth and stabilization of the 
Earth's lithosphere in different cratonic regions of the planet. In an extraordinary way, the 3.30 
Ga rhyolites, with well-preserved primary features, and granites provide an inter-related 
plutonic-volcanic system emplaced after the period of continuous crustal thickening. The system 
evolved at an intracontinental tectonic setting related to gravitational collapse of a newly 
thickened continental crust. In turn, erosion of those different suites of rock is preserved in 
sedimentary sequences and the isotopic analysis of accessory mineral is used in the sediment 
provenance. Along the 600 km of the eastern edge of the Gavião block different supracrustal 
sequences are intruded by granites and delimit the Contendas-Jacobina lineament. U-Pb 
geochronology on detrital zircon revealed that the Contendas-Mirante and Saúde supracrustal 
sequences, previously interpreted as Archean basins, correspond to Paleoproterozoic foreland 
basins developed during the amalgamation of the San Francisco-Congo craton. The younger 
population of detrital zircon establishes minimum deposition age at 2.07 Ga, while intrusive 
granite indicates maximum deposition age at 2.03 Ga. On the other hand, the quartzite that 
surrounds the 3.3 Ga rhyolites and the auriferous Jacobina basin holds only zircon grains of 
3.35-3.26 Ga. The presence of detrital pyrite and uraninite in the quartzites of the Jacobina basin, 
associated with its intracontinental rift stratigraphy and Au-U mineralization related to fluid 
flow, differentiate from the Paleoproterozoic basins and allows us to infer the presence of an 
older basin, whose age deposition would be the great oxidation event ca. 2.4-2.5 Ga. 




1. Apresentação do problema a ser investigado 
A Terra se diferencia dos outros planetas silicáticos-metálicos do sistema solar por 
apresentar tectônica de placas e uma atmosfera rica em oxigênio. Estas duas 
características permitem a renovação da litosfera terrestre por processo cíclico de 
geração e reciclagem da crosta continental e oceânica. A tectônica de placas tal como 
observada durante o fanerozóico resulta do resfriamento convectivo do manto e a 
movimentação das placas ocorre devido ao empuxo gravitacional gerado pela subdução 
da litosfera oceânica ao longo dos limites convergentes de placas (Condie, 2011 e 
referências presente). Por outro lado, a presença de uma atmosfera oxidante possui 
influência fundamental no processo de geração e reciclagem de crosta, uma vez que a 
erosão e intemperismo modifica constantemente a superfície terrestre. O estudo sobre 
como estes processos se desencadearam na Terra prístina é um dos maiores desafios da 
Geociência. 
O ambiente tectônico que permitiu a formação da crosta primitiva em nosso planeta 
ainda é bastante discutível e não existe consenso na comunidade geológica. A 
combinação de vasto banco de dados global indicou que a crosta terrestre possuía 
dominantemente composição máfica entre 4,5 e 3,4 Ga (Griffin et al., 2014). Neste 
período os grãos de zircão se cristalizaram a partir de magma intermediário por meio de 
diferenciação magmática em um regime quente e estagnante, ou por fusão induzida por 
impacto de meteorito, sendo identificados três períodos principais de atividade 
magmática juvenil em 4,2 Ga, 3,8 Ga e 3,4-3,3 Ga, interpretados como eventos de 
plumas ou reviravolta do manto “mantle overturner” (Davies, 1995; O’Neill et al., 
2007; Griffin et al., 2014; Sizova et al., 2015). Estes eventos de magmatismo juvenil 
foram procedidos por períodos de quiescência que culminaram em modificação crustal 
da população de zircão juvenil cristalizada em cada período de atividade magmática 
(Griffin et al., 2014), ao contrário de retrabalhamento de grande volume crustal por 
meio de soterramento e fusão parcial (e.g. Pietranik et al., 2008; Valley et al., 2002). Em 
um regime tectônico quente e estagnante o resfriamento e diferenciação da Terra deve 
ter sido controlado por condutos vulcânicos extremamente quentes associados à rápida 
ressurgência vulcânica (Solomatov e Moresi, 2000; Moore e Webb, 2013), sendo a 
colocação e ascensão de diápiros TTG (tonalito-trondhjemito-granodioríto) 
estruturalmente controlados em um padrão de domos e quilhas, comumente observados 
em cratons >3.2 Ga (e.g. Van Kranendonk, 2011a). 
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Os núcleos continentais mais antigos do planeta são essencialmente compostos por 
terrenos e complexos granito-gnaisses contendo rochas de composição TTG, além de 
leucossomas de migmatitos, restitos, anfibolitos e restos de sequências supracrustais 
(Moyen e Martin, 2012). Associado a estes complexos ocorrem bacias sedimentares que 
o recobrem diretamente ou recobrem as sequências supracrustais do tipo greenstone 
belts. Pouco se conhece sobre as relações entre os terrenos granito-gnaisses e as 
sequências supracrustais associadas, isto é, se os primeiros representam núcleos crustais 
mais antigos e os últimos arcos e platôs oceânicos acrescidos, ou mesmo sequências 
vulcanossedimentares continentais, características de estabilização de núcleos 
cratônicos.  
Existe atualmente muita discussão se a tectônica de placas tal como ocorre no 
Fanerozóico estava operante antes de 3 Ga. Em território brasileiro, o Bloco Gavião é a 
região mais promissora para testar esta possibilidade, uma vez que contém vastas áreas 
com crosta continental paleoarqueana bem preservada. A ampla variação composicional 
é caracterizada por complexo granito-gnáissico compostos dominantemente por suítes 
tonalito-trondhjemito-granodiorito (TTG), cálcio-alcalina (CA) formadas continuamente 
entre 3,42 e 3,32 Ga. A transição contínua e espacialmente correlata entre o 
magmatismo TTG e CA culmina no magmatismo intraplaca relacionado ao colapso 
gravitacional da litosfera terrestre recém-espessada em 3,30 Ga. Esta variação da 
assembleia petro-tectônica oferece excelente oportunidade de investigar os processos 
que resultaram na formação e espessamento da litosfera continental terrestre em seus 
primórdios, utilizando o Bloco Gavião como estudo de caso. Com relação ao complexo 
granito-gnáissico de 3,42-3,32 Ga a ênfase é na identificação de fontes dos magmas, 
caracterização de processos petrogenéticos, estabelecimento da idade de cristalização, 
identificação de qualquer crosta pré-existente – seja por xenocristais de zircão associado 
aos complexos meta-ígneos ou por zircão detrítico depositado nas sequências 
supracrustais que recobrem parcialmente o Bloco Gavião - buscando inferir o ambiente 
tectônico de formação da crosta continental primitiva dentro de um contexto regional. 
De modo extraordinário, o sistema plutônico-vulcânico de natureza intraplaca formado 
em 3,30 Ga preservam feições ígneas primárias, e um dos aspectos fundamentais desta 
tese é estabelecer as condições petrogenéticas deste vulcanismo, buscando avaliar as 
relações entre a atividade vulcânica e plutônica e inferir possível mecanismos que 
culminaram na estabilização da litosfera do Bloco Gavião no Paleoarqueano.  
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Por sua vez, diferentes sequências supracrustais que recobrem o Bloco Gavião se 
assemelham a greenstone belts, mas o significado tectônico é pouco compreendido. 
Ênfase é dada as sequências supracrustais que ocorrem ao longo da borda ocidental do 
Bloco Gavião, principalmente as sequências Contendas-Mirante (Marinho et al., 1978, 
1994 a e b), Saúde (Couto et al., 1978) e as serras de quartzito que circundam os riolítos 
de 3,30 Ga, que, possivelmente, se correlacionam com a bacia aurífera de Jacobina 
(Mascarenhas et al., 1998; Pearson et al., 2005; Teles et al., 2015).   
O desenvolvimento desta tese de doutoramento foca em três tópicos principais. O 
primeiro aborda as condições em que a crosta continental terrestre se formou no 
Paleoarqueano, por meio do estudo geoquímico e isotópico das suítes félsicas 
cristalizados entre 3,42 e 3,30 Ga que ocorrem na porção oriental do bloco Gavião. O 
segundo tema aborda a formação das sequências supracrustais Contendas-Mirante e 
Saúde, que parcialmente recobrem esta porção oriental do bloco Gavião, principalmente 
por meio do estudo de proveniência sedimentar utilizando relações de campo e análise 
U-Pb em grãos de zircão. O terceiro envolve a caracterização geoquímica e 




2. Arcabouço geológico 
O Cráton do São Francisco (Fig. 1) é composto essencialmente por complexos 
granito-gnaisse-migmatítico de composição tonalito, granodiorito e granito, e 
sequências supracrustais de baixo a alto grau metamórfico, incluindo granulitos com 
safirina e terrenos granito-greenstone belt, de idade arqueana a proterozóica 
(Ackermand et al., 1987; Peucat et al., 2002; Leite et al., 2009; Oliveira et al., 2010; 
Grisolia and Oliveira, 2012). Barbosa e Sabaté (2004) interpretaram a evolução da parte 
norte do craton em termos de convergência e colisão de quatro segmentos crustais 
arqueanos, representados pelos blocos Gavião, Jequié, Serrinha e orógeno Itabuna-
Salvador-Curaçá (OISC), entre 2,20-2,08 Ga (ver Oliveira et al., 2010 para revisão). 
Figura 1: Esboço geológico do craton São Francisco mostrando as principais sequências 
supracrustais e terrenos (modificado a partir de Silva et al., 2015). Blocos Paleoarqueano >3 Ga: 
G- Gavião; P- Porteirinha; M - Mairi; So-Sobradinho; R- Remanso; S- Serrinha; I- Itapetinga. 
Blocos Neoarqueano 2,9 - 2,7 Ga: BH- Belo Horizonte; Gu- Guanhães; J- Jequié; U- Uauá. 
Terrenos 2,6 - 2,1: 1- Orógeno Itabuna-Salvador-Curaçá; 2- Cinturão Esplanada-Boquiá; 3- 
Cinturão Mineiro; 4- Mantiqueira. Sequências supracrustais: a- Contendas-Mirante (ver figura 2 
B); b- Jacobina, Mundo Novo e Saúde (ver figura 2 A para distinção); c- Riacho de Santana; d- 
Urandi; e- Licínio de Almeida; f- Ibitira-Ubiraçaba; g- Guajeru; h- Brumado; i- Rio Itapicuru; j- 
Rio das Velhas. Retângulo preto indica local da figura 2. 
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O Bloco Gavião contém as rochas mais antigas da plataforma Sul-Americana, 
incluindo diferentes maciços granito-gnaisses com idade de cristalização entre 3,40 e 
3,35 Ga e nomeados de acordo com o vilarejo ou fazenda próxima (Martin et al., 1997; 
Nutman e Cordani, 1993; Santos-Pinto et al., 1998, 2012; Silva et al., 2015) e rochas 
vulcânicas félsicas com idade de cristalização em 3,30 Ga (Marinho et al., 1994a e b; 
Peucat et al., 2002). Ambos, rochas graníticas e vulcânicas ocorrem associados às 
sequências vulcanossedimentar Contendas-Mirante e Mundo Novo e constituem um dos 
















Fig. 2: Mapa geológico 
simplificado da zona de 
cisalhamento 
Contendas-Jacobina, 
limite oriental do Bloco 
Gavião e oriental do 
OISC e Bloco Jequié, 
porção centro-norte do 
craton São Francisco. 
Na porção sul do 
lineamento ocorre à 
sequência supracrustal 
Contendas-Mirante, 
enquanto na parte norte 
situa as sequências 
supracrustais Jacobina, 
Mundo Novo e Saúde 
(modificado de Marinho 
et al., 1978;  
Mascarenhas et al., 




Entre os diferentes maciços o domo Sete Voltas é até o momento o mais antigo e 
o único em que detalhada investigação foi realizado, envolvendo datação U-Pb e 
isótopo Lu-Hf em grãos de zircão, e geoquímica de rocha total (Nutman and Cordani, 
1993; Martin et al., 1997; Guitreau et al., 2012). Estes estudos revelaram que os ca. 3,4 
Ga gnaisses cinza possuem composição TTG e se formaram pela fusão parcial de 
toleítos básico, deixando como resíduo granada anfibolito (Martin et al., 1997; Nutman 
and Cordani, 1993). Granodiorito porfirítico é interpretado de ser gerado pela fusão 
parcial hidratada, em profundidades entre 30 e 45 km, dos TTG de 3,4 Ga (Martin et al., 
1997). Neste caso, o resíduo corresponderia a quartzo+hornblenda+plagioclásio que 
pode ter coexistido com líquido magmático residual em pequena variação de pressão e 
temperatura (P = 10-15 kbar e T = 700-800º C), dependendo da concentração de H2O no 
sistema (Martin et al., 1997). A fusão parcial de TTGs mais antigo e a geração de 
granodiorito mais jovens é interpretado como reflexo de espessamento crustal por 
mecanismos semelhantes a zonas de colisão continental atual (Martin et al., 1997). 
Recente, Guitreau et al., (2012) reanalizou grãos de zircão previamente investigado por 
Martin et al. (1997). Grãos concordantes apresentaram idade de cristalização 3,43 e 3,37 
Ga com εHf(t) variando entre +2 e -5,4 (Guitreau et al., 2012). A maioria dos grãos de 
zircão apresentaram idade de cristalização entre 3,43 e 3,40 com εHf(t) negativo entre -
0,7 e -3. Valores positivos de εHf(t) são exclusivos de grãos de zircão mais velhos que 
3,42 Ga (Guitreau et al., 2012).  
A borda oriental do Bloco Gavião é definida pelo lineamento Contendas-
Jacobina, de extensão superior a 600 km (Fig. 2; Sabaté et al., 1990). Este lineamento 
corresponde a uma zona de cisalhamento sinistral que controla, espacial e 
temporalmente, a intrusão de uma série de granitos ferrosos e peraluminosos a duas 
micas Paleoproterozóico (Sabaté et al., 1990). A zona de cisalhamento separa as rochas 
paleoarqueanas de médio a baixo grau metamórfico do Bloco Gavião das rochas 
neoarqueana de alto grau do Bloco Jequié em sua porção sul e as rochas de média a alto 
grau do OISC na porção norte.  
Na porção centro-norte do CSF ocorrem quatro sequências supracrustais cuja 
denominação, limites e correlações são bastante complexos. De maneira geral existe 
recente concordancia com a nomenclatura, sendo denominado de oeste para leste como 
grupos ou complexos Jacobina, Mundo Novo, Saúde e Ipirá-Tanque Novo (Fig. 3 A). O 
Grupo Jacobina corresponde a uma fina sequência de quartzito intercalado com 
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metaconglomerado contendo mineralização de Au-U - semelhante à bacia de 
Witwatersrand, África do Sul - que se estende por 180 km na direção N-S (ver Pearson 
et al., 2005; Teles et al., 2015 para revisão). O Grupo Jacobina se situa entre gnaisses 
cinza do Bloco Gavião a oeste e o greenstone belt de Mundo Novo a leste (Mascarenhas 
and Silva, 1994; Mascarenhas et al., 1998; Peucat et al., 2002). Mascarenhas et al. 
(1998) descreve o Grupo Jacobina como parte de um rifte intracontinental desenvolvido 
sobre plataforma estável, representado pelos gnaisses ortoderivado do Bloco Gavião, 
enquanto Ledru et al. (1997) sugere a deposição em bacia de antepaís. Os quartzito e 
conglomerado do Grupo Jacobina apresentam exclusivamente zircão detrítico com 
idades entre 3350 e 3260 Ma (Teles et al., 2015). Mougeot (1996) interpretou o Grupo 
Jacobina como sendo mais novo que o Complexo Saúde e assinalou a idade máxima 
para deposição do protólito de um metaconglomerado intercalado a biotita gnaisse do 
Complexo Saúde em 2086±43 Ma (zircão detrítico analisado por ID-TIMs, amostra 94-
56, figura I.2; Mougeot, 1996), estabelecendo desta maneira a idade Paleoproterozóico 
para a “sequência” Saúde-Jacobina. De qualquer maneira, não é claro se os quartzitos e 
conglomerados do Grupo Jacobina contem apenas sedimentos arqueanos depositados 
durante rifte intracontinental (Mascarenhas and Silva, 1994; Mascarenhas et al., 1998; 
Teles et al., 2015) ou se são sedimentos do paleoproterozóico que contem apenas grãos 
de zircão Paleoarqueano depositados durante a formação de bacias de antepaís (Ledru et 
al., 1997). 
O Grupo Mundo Novo tem sido considerado um terreno paleoarqueano do tipo 
greenstone belt (Mascarenhas e Silva, 1994) isolado entre os grupos Jacobina e Saúde 
(Mougeot, 1996). As cinco unidades que compõem o greenstone belt de Mundo Novo 
são caracterizados pela comum ocorrência de rochas vulcânica de composição 
ultramáfica, básica e félsica, assim como rochas metassedimentares clásticas e químicas 
em diferentes proporções. A relação temporal entre as diferentes unidades não são 
conhecidas e sua ocorrência ocorre de maneira descontínua e confinada ao longo do 
lineamento Contendas-Jacobina. As rochas ígneas incluem derrames, diques, soleiras, 
complexos estratiforme, vulcanoclásticas e exalativa. As unidades do tipo greenstone 
belt incluem inteira ou parcialmente as formações Cruz das Almas, Bananeira, Água 
Branca do Grupo Jacobina (Leo et al. 1964; Griffon, 1967) e os complexos Itapicuru e 
Brejo dos Paulos (Couto et al., 1978). A unidade vulcânica félsica superior da sequência 
foi datada em 3,3 Ga (Peucat et al., 2002), mas pouco se sabe sobre a evolução do 
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edifício vulcânico e suas relações com os terrenos gnáissicos e metassedimentares 
adjacentes. 
 
Figura 3: Mapa geológico simplificado das sequências supracrustais que ocorrem na borda 
oriental do bloco Gavião. A) Porção norte da zona de cisalhamento Contendas-Jacobina 
ilustrando a relação das sequências supracrustais Jacobina, Mundo Novo e Saúde com o 
complexo Mairi. A falha de Filadélfia separa o Complexo Mairi dos complexos Caraíba-São 
José do Jacuípe, associados ao Orógeno Itabuna-Salvador-Curaçá (modificado de Mascarenhas 
e Silva, 1994). B) Mapa geológico da sequência supracrustal Contendas-Mirante situada no 
setor sul do lineamento Contendas-Jacobina (modificado de Marinho et al., 1994).  A zona de 
cisalhamento separa o Bloco Gavião e a sequência Contendas-Jacobina do Bloco Jequié. 
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O Complexo Saúde (Couto et al., 1978) corresponde a uma sucessão N-S de 
metagrauvacas e quartzito que se estende a leste da falha de Pindobaçu e a oeste da zona 
de cavalgamento de Filadélfia. Em sua porção norte o contato com o OISC é recoberto 
por sedimentos fanerozóico, enquanto na porção centro-sul o complexo ocorre 
intercalado com gnaisses do Complexo Mairi (Loureiro et al., 1991). Contudo, a idade 
paleoproterozóica da única amostra analisado por Mougeot (1996) não pode ser 
extrapolado para todo o complexo, e sua idade e estratigrafia são temas em discussão. 
Os complexos Tanque Novo-Ipirá se encontram em contato tectônico com 
gnaisses tonalito e granodiorito do complexo neoarqueano Caraíba e São José do 
Jacuípe (Kosin et al., 2003; Oliveira et al., 2004, 2010). As rochas metassedimentares 
são representadas por gnaisses aluminosos, formações ferríferas bandada, mármores, 
rochas cálcio-silicáticas, anfibolitos e granulitos ricos em safirina, cordierita e granada 
(Ackermand et al., 1987; Oliveira et al., 2004, 2010; Leite et al., 2009). 
Por sua vez, inserida na porção sul do lineamento Contendas-Jacobina ocorre à 
sequência vulcanossedimentar Contendas-Mirante (SCM; Fig. 3 B; Marinho et al., 
1978). A SCM se estende por 190 km de comprimento e 65 km de largura, e se estrutura 
em uma sinforme de eixo N-S imbricada por zonas de cavalgamento com vergência 
para oeste. Dentro desta estruturação o grau metamórfico aumenta de oeste para leste, 
desde a fácies xisto verde baixo, zona da clorita, até a fácies anfibolito, zona da 
sillimanita e K-feldspato, por ação térmica da intrusão gabróica do Rio Jacaré e corpos 
granítico. Uma das principais questões que concernem a SCM é se corresponde a uma 
sequência do tipo greenstone belt arqueano (Marinho et al., 1978) ou se representa a 
sobreposição de diferentes bacias, como pressupõem os dados isotópico existente 
(Marinho et al., 1994b). O baixo grau metamórfico faz com que a SCM seja uma das 
poucas sequências supracrustais pré-cambriana bem preservada do planeta.  
A estratigrafia da SCM proposta inicialmente a dividia em duas unidades 
principais, baseada em aspectos de campo e detalhada descrição petrográfica: unidades 
Superior e Inferior (Marinho et al, 1978). Contudo, o avanço do conhecimento isotópico 
baseado em isótopos Sm-Nd (Marinho et al, 1994 b) e idade U/Pb em zircão detrítico 
(Nutman et al., 1994) fez com que Marinho et al. (1994 a) propusessem a inserção da 
unidade Média. Neste trabalho adotei a estratigrafia original proposta por Marinho et al. 
(1978), pois, como será discutido ao longo da tese, melhor reflete os resultados obtidos 
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e simplifica a nomenclatura. Desta maneira, a Unidade Inferior seria constituída pelas 
formações Jurema-Travessão, Santana e Barreiro d’Anta, enquanto a Unidade Superior 
é representada pelas formações Mirante, Rio Gavião e Areião. A Unidade Inferior é 
constituída por rochas pelíticas, de possível afinidade vulcanogênica, composição básica 
a intermediária, que se associam sedimentos imaturos (Marinho et al., 1978). Esta 
associação pode representar um sistema de arco de ilha, controlado pelo fracionamento 
de olivina, e associado a vulcanismo subaéreo próximo a uma margem continental 
(Sabaté e Marinho, 1982; Cordani et al., 1985). Associado a Unidade Inferior, 
Formação Santana, ocorre rochas vulcânicas de composição básica a intermediária com 
idade modelo entre 2,57 e 3,10 Ga (Marinho et al. 1994b), que foram inicialmente 
interpretadas como parte de uma sequência formada na transição Arqueano-
Paleoproterozóico. A Unidade Superior é caracterizada por rochas epiclásticas e pelito-
psamíticas formada em ambiente transicional epicontinental para marinho, com fácies 
fluvio-deltáica (Marinho et al., 1978; Marinho et al., 1994a). Mascarenhas (1979) 
pioneiramente chamou atenção para possível correlação e evolução geológica entre a 
Unidade Inferior do SCM e a sequência supracrustal do greenstone belt Umburanas, 
enquanto a correlação com o greenstone belt Mundo Novo, parte norte do cinturão 
meridional Contendas-Jacobina, é sugerida por Sabaté et al. (1990). 
A compreensão da evolução geológica da SCM e as relações entre a cobertura 
vulcanossedimentar e o embasamento são ainda pouco explorados. Os maciços TTG 
situados na parte sul da SCM podem estar relacionados ao embasamento granito-
gnáissico ou corresponderem a terrenos alóctones acrescidos em um processo de 
crescimento crustal. A compreensão de quais processos podem ter resultado na gênese e 
exumação destas rochas possuem implicações diretas no estabelecimento do período em 
que a tectônica de placas se iniciou na Terra, devido principalmente a idade de 
cristalização entre 3,40 e 3,35 Ga destas rochas (Nutman et al., 1994; Martin et al., 
1997). Por outro lado, permanece a dúvida se o riolíto de 3,30 Ga do povoado de 
Entroncamento teria se formado por processos relacionados a zonas de subdução, e com 
isso requisitar ação de tectônica de placas tal como ocorre no Fanerozóico, ou se seria 
gerada por processos relacionados à ação de pluma mantélica, tal como ocorre na 
Islândia e em platôs oceânicos.  
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3. Objetivos 
O principal objetivo desta tese é contribuir para a compreensão e discussão dos 
processos tectônicos e dinâmicos que culminam na formação, desenvolvimento e 
reciclagem da crosta continental terrestre, e como estes processos evoluíram e se 
diferenciaram no tempo. A evolução geológica de áreas cratônicas de idade arqueana e 
paleoproterozóica desperta o interesse de estudos por se tratar do período de surgimento 
dos primeiros fragmentos de crosta continental e a transição entre estas eras corresponde 
ao período de maior mudança redox do Sistema Terra. Com este propósito investigativo 
em mente escolhemos o Bloco Gavião como caso de estudo. 
O desenvolvimento desta tese enfatiza três tópicos principais:  
O primeiro aborda o embasamento paleoarqueano que, assim como o Complexo São 
José do Campestre, Província Borborema, constitui um dos núcleos continentais mais 
antigo da plataforma Sul-Americana. Ênfase se deu nos riolítos de 3,30 Ga que ocorrem 
associados às sequências supracrustais Contendas-Mirante e Mundo Novo. Os maciços 
granito-gnaisses de 3,43-3,30 Ga da porção sul da SCM foram investigados em parceria 
com o trabalho de conclusão de curso da Jackeline (Faustinoni, 2015) e a dissertação de 
mestrado do Wellington (Marchesini, 2015). Nestes a ênfase é na identificação de fontes 
dos magmas, processos de diferenciação magmático em diferentes níveis crustais, a 
idade de qualquer crosta pré-existente, a detecção de componentes supracrustais que 
contribuíram na formação destas rochas e o possível ambiente tectônico de formação 
destas rochas. 
 O segundo tópico concerne às sequências supracrustais Contendas-Mirante e Saúde. 
Por meio do estudo de proveniência sedimentar utilizando análise U/Pb em grãos de 
zircão detrítico e idade de cristalização de rochas graníticas intrusivas intrusivas buscou 
delimitar período de formação das bacias mencionadas e detectar as possíveis área fonte 
dos sedimentos. O objetivo é estabelecer se realmente correspondem a uma sequência 
do arqueano parcialmente recoberto por sedimentos paleoproterozóico ou não, além de 
estabelecer possíveis correlações entre estas duas sequências ao longo do lineamento 
Contendas-Jacobina e outras que fazem parte do Cráton do São Francisco.  
O terceiro tópico envolve as rochas vulcânicas máfica a intermediária que ocorrem 
intercaladas ou tectonicamente imbricadas em meio as rochas metassedimentares da 
SCM e a faixa de monzogranito que ocorrem, cisalhados ou não, a leste da SCM e a 
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oeste dos granulitos charno-enderbito do Bloco Jequié. As rochas vulcânicas tiveram 
sua assinatura geoquímica avaliada buscando fortalecer as interpretações a respeito de 
sua evolução geotectônica. Com interesse na evolução geodinâmica entre os blocos 
Gavião e Jequié fiz um trabalho de reconhecimento geocronológico e geoquímico dos 
monzogranito, uma vez que eles poderiam representar ampla área de magmatismo 
Paleoproterozóico formado durante acresção entre os dois blocos arqueano. 
4. Prefácio 
A presente tese de doutoramento está organizada em forma de artigos científicos 
submetidos para periódicos internacionais (anexos 1, 3 e 5) ou em fase final de 
submissão (anexos 2 e 4), por isso a preferência por redação em língua inglesa. Os 
manuscritos compõem os anexos que acompanham este texto introdutório e se 
encontram organizados da seguinte maneira: 
4.1. Anexo 1 – 3.3 Ga High-Silica Intraplate Volcanic-Plutonic System of 
the Gavião Block, São Francisco Craton, Brazil: Implications for 
Paleoarchean Crustal Stabilization  
As rochas vulcânicas retêm maiores informações a respeito do magma parental do 
que as rochas plutônicas, pois sofrem menor influência dos estágios finais de 
diferenciação magmática, preservando melhor a assinatura geoquímica e isotópica da 
rocha fonte. Riolítos de alta-sílica ocorrem ao longo da borda oriental do Bloco Gavião, 
associados às sequências supracrustais Contendas-Mirante e Mundo Novo. As duas 
ocorrências de riolíto são caracterizadas por típicos grãos de zircão magmático com 
idade U-Pb de 3303 ± 11 Ma. Os riolítos apresentam feições primárias bem preservadas, 
como textura de fluxo magmático, fenocristais de quartzo-β e feldspato. Contudo, 
diferente das sequências greenstone belt arqueana, os riolitos não ocorrem intercalados 
com rochas vulcânicas máfica-ultramáficas a intermediária, comumente associadas a 
sedimentos químicos e vulcanoclásticos (p.e. Smithies et al., 2007; Polat et al., 2009; 
Kröner et al., 2013). Por outro lado, eles estão associados a maciços graníticos com 
semelhante idade de cristalização em 3293 ± 3 Ma e 3324 ± 53 Ma, e plotam ao longo 
da mesma tendência nos diagramas geoquímico. Desta maneira, os riolítos e granitos 
formam um sistema vulcânico-plutônico inter-relacionado, correspondendo a um 
excelente laboratório natural para investigar os processos tectono-magmático em um 
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período chave da história terrestre em que há evidência crescente que a tectônica de 
placas tal como se conhece atualmente não estava ativa no planeta. 
A alta temperatura de colocação do magma riolítico é indicado pela presença de 
fenocristais de quartzo-β, temperatura de saturação do zircão entre 915 to 820 oC, assim 
como os dados geoquímico, especificamente alto conteúdo de  SiO2 (74-79 wt. %) 
associado a elevado conteúdo de Fe2O3(T) (~3 wt. %), MgO (0,5-1,5 wt. %) e baixo 
Al2O3 (<11 wt. %). Valores negative de ԐHf(3.3) entre 0 e -7 e semelhante valores da 
razão entre elementos traços (La/YbN 4,8 ± 1,8; EuN/Eu* ~0,55) indicam derivação de 
fonte crustal semelhante para ambos riolítos. Especificamente, os riolítos seriam 
derivados da extração e erupção de liquido residual de alta-sílica formado a partir da 
cristalização do magma granítico em reservatório alojado em nível crustal raso (<10 
km), agora representado pelos maciços graníticos. A geração do magma granítico 
ocorreu por fusão parcial ou cristalização fracionada a partir de um material similar ao 
gnaisse diorítico que ocorre regionalmente. O sistema vulcânico-plutônico de 3,30 Ga 
ocorreu após período relativo de contínuo crescimento crustal relacionados aos maciços 
de 3,43 a 3,32 Ga do bloco Gavião. O amplo magmatismo deste período resultou na 
geração de uma litosfera continental que culminou na estabilização da crosta continental 
que hospedou o sistema vulcânico-plutônico. Desta maneira, os riolítos e granitos 
representam parte de um sistema vulcânico-plutônico desenvolvido em ambiente 
tectônico relacionado ao colapso gravitacional da crosta continental recém-espessada.  
Argumento que o espessamento da crosta continental aumentou a produção total de 
calor na parte superior da litosfera terrestre em formação, induzindo pulsos térmicos que 
geraram ondas de anatexia crustal e consequente diminuição da temperatura do manto 
litosférico. A fusão crustal concentrou por advecção os elementos radiogênicos na 
superfície, e a migração destes elementos culminou no resfriamento da crosta inferior e 
do manto litosférico, causando seu maior fortalecimento. Este mecanismo permitiu a 
estabilização de uma litosfera espessa e fria com baixo fluxo de calor na superfície, o 
que caracteriza as atuais regiões cratônicas. Este resultado sugere que diferenciação 
intracrustal representa um importante estágio final no processo de cratonização e que 
estes processos podem ter começado há 3,30 bilhões de anos atrás na história da Terra.  
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4.2.  Anexo 2 – Paleoarchean evidence of continuous magmatic 
differentiation into the generation of proto-continents 
Os domos granito-gnaisses que compõem a parte sudeste do Bloco Gavião, porção 
sul do lineamento Contendas-Jacobina, correspondem a rochas pouco deformadas e de 
baixo grau metamórfico. A composição destes domos se destaca pela variação entre 
suítes TTG, geradas pela fusão parcial de rochas toleíticas no campo de estabilidade da 
granada e suítes cálcio-alcalinas (CA) geradas pela diferenciação de rochas básicas a 
intermediários no campo de estabilidade do plagioclásio, ou pela (re)fusão parcial de 
rochas crustais enriquecidas em elementos de maior mobilidade, como por exemplo as 
suítes TTGs. Esta variação composicional sugere progressiva diminuição da pressão 
durante a extração de fundidos félsicos em níveis crustais progressivamente mais raso 
em estágio de espessamento crustal (Moyen, 2011; Condie, 2014). Os principais fatores 
que controlam a variação composicional refletem os processos que ocorrem na fonte do 
magma e a mineralogia do resíduo deixado após a extração do fundido. Por exemplo, a 
fusão de toleítos básico em elevadas profundidades (> 50 km) gera o magma TTG 
deixando como resíduo na fonte granada ± rutilo, progressivamente associado a 
anfibólio e ausência de plagioclásio (Rapp and Watson, 1995; Moyen and Stevens, 
2006; Halla et al., 2009; Moyen, 2011). A geração de magmas em níveis crustais 
progressivamente mais raso desenvolve magmas cálcio-alcalino caracterizada pelo 
aparecimento e crescente importância do feldspato como fase fracionante e/ou residual 
na fonte (Moyen and Stevens, 2006; Moyen, 2011).  Por sua vez o magmatismo cálcio-
alcalino de alto potássio comumente é gerado por processos intracrustais que ocorre 
posterior ao magmatismo TTG e marcam a estabilização da litosfera arqueana (De Wit 
et al., 1992;  Jayananda et al., 2006; Drüppel et al., 2009; Romano et al., 2013). 
  Os dados de geocronologia U-Pb obtidos por LA-FS-ICP-MS indicam continua 
atividade magmática entre 3,42 e 3,30 Ga, e que suítes TTGs, CA e CA de alto-K foram 
sucessivamente formadas neste período e coexistem no tempo e no espaço. Por sua vez 
o sistema vulcânico-plutônico de 3,30 Ga (anexo 2) possui afinidade geotectônica de 
magmatismo intraplaca e delimita o estágio final que permitiu estabilização cratônica do 
bloco Gavião. Em síntese, é possível inferir que a evolução magmática marca a 
transição entre o magmatismo TTG (entre 3,42 e 3,36 Ga), CA – incluindo magmatismo 
CA de alto-K (entre 3,35 e 3,32 Ga) e finaliza com o magmatismo intraplaca de alta-
temperatura e baixa-pressão de 3,30 Ga. Os poucos grãos de zircão que foram 
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analisados pela sistemática Lu-Hf (Guitreau et al., 2012) indicam que magmatismo 
juvenil, caracterizado por valores ԐHf(t) positivo e idade cristalização próxima a idade 
modelo, é observado apenas em grãos de zircão mais antigos que 3,42 Ga, sendo que 
grãos cristalizados entre 3,44 e 3,40 Ga dominantemente apresentam ԐHf(t) entre -0.7 e -
3. Estes resultados indicam que processos de maturação e retrabalhamento intracrustal 
ocorreram durante o crescimento da crosta continental no paleoarqueano e que a 
contínua diferenciação magmática se deu em níveis crustais progressivamente mais 
raso. 
4.3. Anexo 3 – Field and Geochronological evidence for origin of the 
Contendas-Mirante Supracrustal Belt, São Francisco Craton, Brazil, as a 
Paleoproterozoic foreland basin 
Buscando estabelecer o período de deposição dos sedimentos que constituem a SCM 
foi realizado estudo de proveniência sedimentar em zircão detrítico (U-Pb por LA-ICP-
MS) extraídos de 10 amostras que constituem suas diferentes formações. Os dados 
demonstraram que todas as formações da SCM são paleoproterozóica e representados 
em quatro picos principais: 3340-3290 Ma, 2720-2560 Ma, 2410-2200 Ma, e o mais 
abundante em 2200-2080 Ma. A idade máxima de deposição é caracterizada em 2075 
Ma, enquanto que a intrusão de plutons graníticos em 2035 ± 10 Ma estabelece a idade 
mínima para deposição dos sedimentos. A única exceção corresponde ao quartzito que 
circunda o riolíto de 3,3 Ga; o quartzito possui grãos de zircão entre 3330 e 3270 Ma. 
Por outro lado, três amostras de metassedimento apresentam uma única população de 
zircão detrítico com idade em 2140±20, o que aliado à presença de grãos de quartzo 
facetado e fraturado, cristais euédricos de plagioclásio e grãos de zircão prismático com 
zoneamento concêntrico sugerem que o processo de deposição da bacia ter-se-ia 
iniciado dentro deste intervalo e seria contemporânea ao magmatismo básico a 
intermediário que ocorre associado à unidade inferior.  
A principal área fonte dos sedimentos provavelmente situa-se a leste da SCM, sendo 
o orógeno paleoproterozóico Itabuna-Salvador-Curaçá (Silva et al. 2002; Peucat et al., 
2011) e a litosfera na qual este orógeno se instalou - Bloco Jequié (Alibert e Barbosa, 
1992; Silva et al., 2002; Barbosa et al., 2004; Fernandes et al., 2014), complexo Caraíba 
(Silva et al., 2002; Oliveira et al., 2004), São José do Jacuípe (Barbosa et al., 2008) - os 
principais candidatos. A oeste da SCM, associado ao Bloco Gavião, rochas ígneas com 
26 
idade de cristalização em 2845±14 Ma (maciço Serra dos Pombos; Nutman and 
Cordani, 1993), 2720-2680 Ma (gnaisses alcalino Caraguataí e Serra do Eixo gnaisses; 
Cruz et al., 2011; Santos-Pinto et al., 2012) e granitos intrusivos entre 2125-2050 Ma 
(p.ex. Jussiape, Veredinha, Ibitiara e Guananbi; Cruz et al. 2011; Barbosa et al., 2013; e 
referências) são possíveis candidatos a área fonte dos sedimentos que constituem a 
SCM. Contudo, o baixo conteúdo de grãos de zircão mais velhos que 3,0 Ga (com 
exceção do quartzito) e a inexistência de rochas cristalizadas entre 2,68 e 2,13 Ga pouco 
favorece que o Bloco Gavião seja área fonte para os sedimentos da SCM. A população 
de zircão com idade entre 2,2 e 2,4 Ga não possui correlação com nenhuma área 
conhecida até o momento na parte norte do CSF, sendo o Cinturão Mineiro da parte sul 
do cráton (Seixas et al., 2012; Teixeira et al., 2015; Ávila et al., 2010; 2014) invocado 
como principal possibilidade. Os grãos de zircão mais velhos que 3,0 Ga provavelmente 
são oriundos do Bloco Gavião (Nutman e Cordani, 1993; Martin et al., 1997; Santos-
Pinto et al., 1998, 2012). A idade máxima para a formação da bacia é coevo ao pico 
metamórfico do orógeno Itabuna-Salvador-Curaçá em 2,08-2,06 Ga (Barbosa e Sabaté, 
2004; Oliveira et al., 2004, 2010; Leite et al., 2009). Estas informações associada a 
grano-ascendência observada nas rochas metassedimentares indicam que a SCM 
corresponde a uma bacia de antepaís desenvolvida durante o período de convergência de 
placas que resultou na amalgamação e consolidação do CSF.  
A extrusão dos domos do embasamento paleoarqueano é tectônica, como indicado 
pelas rochas metassedimentares da SCM verticalizado nas bordas dos domos. A 
extrusão dos domos é temporalmente correlacionada à intrusão granítica em 2035 Ma, e 
relacionada ao desenvolvimento da zona de cisalhamento sinistral que separa a SCM do 
Bloco Jequié, ou seja, parte sul do lineamento Contendas-Jacobina (Sabaté et al., 1990).  
Seguindo o processo acrescionário o CSF emergiu como uma região estável e coerente, 
possivelmente parte do supercontinente Columbia. O período de quiescência tectônica 
ocorreu entre 2,03 e 1,77 Ga, quando dique granodiorítico datado em 1,73 Ga – 
temporalmente correlata ao vulcanismo bimodal e granitos do tipo-A que ocorrem a 
oeste na base do rifte da Chapada Diamantina (Danderfer et al., 2009; 2014) - intrudiu o 
granito Riacho das Pedras da SCM, registrando a expressão mais a leste deste evento de 
extensão intracratônico que resultou no aulacogeno da Chapada Diamantina. 
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4.4.  Anexo 4 - O vulcanismo básico a intermediário da borda nordeste da 
sequência supracrustal Contendas-Mirante: implicações no processo 
acrescionário entre os blocos Gavião e Jequié, Craton São Francisco  
De modo complementar a compressão geotectônica da SCM é investigada a 
assinatura geoquímica das rochas vulcânicas de composição básica a intermediária que 
ocorrem intercalados ou intrusivos aos sedimentos paleoproterozóico da unidade 
Inferior. As rochas ultrabásica são classificadas como picritos de alto-Mg, os basaltos 
são dominantemente representados por Mg-toleíto subalcalino de baixo potássio e, de 
maneira subordinada, basaltos Fe-toleíto subalcalino. Por outro lado, as rochas 
intermediárias e ácidas são classificadas dominantemente como basalto-andesito, 
andesitos e, subordinadamente dacitos cálcio-alcalino. Os basaltos possuem TDM entre 
2,57 e 3,0 Ga com εNd(2170) entre -4,3 e -9,7 enquanto os andesitos possuem TDM entre 
2,95 e 3,1 Ga com εNd(2170) entre -2,8 e -9  (Marinho et al. 1994). Estas rochas 
vulcânicas possuem assinatura geoquímica que pode ser interpretada como relacionada 
a magmatismo de arco magmático continental, ou a magmatismo continental. A 
principal indagação que emerge com a possibilidade deste vulcanismo ser relacionado a 
arco magmático seria a localização das rochas plutônicas. Desta maneira, entre o Bloco 
Gavião/SCM e o Bloco Jequié ocorre uma faixa de hornblenda monzonito e 
monzogranito que divergem em composição e grau metamórfico tanto do Bloco Gavião 
como do Bloco Jequié. Estas rochas graníticas possuem importância fundamental na 
compreensão do processo de acresção crustal entre os blocos Gavião e Jequié, pois 
podem representar a parte plutônica deste possível arco magmático paleoproterozóico. 
Em campo elas ocorrem imbricadas tectonicamente em meio aos sedimentos da SCM 
como augen gnaisses e cisalhados entre a intrusão gabróico do Rio Jacaré e os 
granulitos de composição charno-enderbítica do Bloco Jequié. A idade de cristalização 
destas rochas é de 2655±3 Ma e 2638±3 Ma, o que, inicialmente, inviabiliza a 
possibilidade de desenvolvimento de zona de subdução em processo de acresção frontal 
entre os dois blocos arqueano. O monzogranito possui afinidade geoquímica de 
magmatismo intraplaca, possivelmente derivados de litotipos crustais e podem ser 
correlacionados ao granito Pé de Serra (Marinho et al., 2008) e possuem a mesma idade 
das rochas que compõem o complexo Caraíba e São José do Jacuípe na porção norte do 
OISC (Oliveira et al., 2004; Silva et al., 2002).  
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4.5.  Anexo 5 – Detrital zircon U-Pb geochronology of the Saúde Complex: 
implications for the Evolution of the Itabuna-Salvador-Curaçá Orogen, São 
Francisco Craton, Brazil 
O estudo de zircão detrítico como ferramenta de compreensão da idade máxima para 
sedimentação e fonte dos sedimentos é estendido para os metassedimentos do complexo 
Saúde. Neste trabalho é confirmada a idade paleoproterozóica para deposição dos 
sedimentos, assim como sua correlação temporal com a SCM ao longo do lineamento 
Contendas-Jacobina, com a bacia de Ibitiara-Ubiraçaba (Paquette et al., 2015) região 
sudoeste do bloco Gavião, e com a sequência Monteiro associado ao greenstone belt do 
Rio Itapicuru, bloco Serrinha (Grisolia et al., 2012). Estes dados sugerem a existência 
de uma longa bacia de antepaís desenvolvida na borda oriental do bloco Gavião, ou ao 
menos múltiplos depocentros dentro de um mesmo sistema tectônico. Por outro lado, 
argumentamos que não existe correlação temporal entre o complexo Saúde e a bacia 
aurífera de Jacobina, situada a oeste e separada do complexo Saúde pelo greenstone belt 
paleoarqueano Mundo Novo (Mascarenhas et al., 1994; Peucat et al., 2002) e pela zona 
de falha Pindobaçu. Por sua vez, o lineamento Contendas-Jacobina demonstra ser uma 
importante zona de cisalhamento sinistral que se estende ao longo 600 km de distancia e 
separa dois grandes blocos arqueanos amalgamados durante a orogenia 
paleoproterozóica.  
Importante ressalva que precisa ser mais bem investigada reside no fato de algumas 
amostras do complexo Saúde apresentar população mais jovem de zircão em 2,5 Ga. A 
leste do complexo Saúde ocorre o complexo Ipirá, representado pelas unidades 
Pintadas, Umbuzeiro e Angico (Loureiro, 1991). A distinção cartográfica entre estes 
dois complexos é bastante discutível e sortido de incertezas. De maneira geral, o 
complexo Saúde possui como embasamento o complexo Mairi, enquanto o complexo 
Ipirá estaria associado ao orógeno Itabuna-Salvador-Curaçá. O complexo Mairi é 
interpretado como parte do bloco Gavião e possui como característica distintiva a ampla 
presença de diques e enclaves básicos associados aos gnaisses cinza com idade Pb/Pb 
obtidas por evaporação de zircão em 3.1 Ga (Peucat et al., 2002). Um desses diques 
básico forneceu idade de 2.65 Ga (Barbuena, pers. commun.), indicando que não seria 
parte de uma suíte bimodal cogenética aos gnaisses cinza (Loureiro, 1991). Neste 
cenário, os diques básicos Neoarqueano indicaria a existência de um evento extensional 
que poderia ter culminado na formação de bacias sedimentares. Até o momento, não 
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foram identificadas as sequências sedimentares neoarqueana relacionadas ao Complexo 
Caraíba – São José do Jacuípe (Oliveira et al., 2004, 2010; Silva et al., 2002) e ao 
Cinturão Esplanada-Boquiá (Marinho et al., 2014), ambos englobados no segmento 
norte do orógeno Itabuna-Salvador-Curaçá. Esta observação abre possibilidade para que 
parte dos complexos Saúde e Ipirá constituam parte de um sistema sedimentar 
neoarqueano. Em outro cenário mais simplista não existiria significativa diferença 
temporal entre estes dois complexos e ambos seriam paleoproterozóico, sendo a 
diferença explicada dentro de modelos de reconstrução tectônica do sistema orogênico. 
Por outro lado, este evento extensional neoarqueano que afeta o complexo Mairi poderia 
ter condicionado a deposição do grupo Jacobina. 
5. Conclusões 
As principais conclusões obtidas durante a execução desta tese são sumarizadas a 
seguir: 
5.1. Crescimento e estabilização de um dos núcleos continental mais antigo 
da plataforma Sul-Americana 
O estágio principal de espessamento da litosfera continental do Bloco Gavião ocorreu 
continuamente entre 3420 e 3300 Ma. A evolução magmática é caracterizada por ampla 
variação composicional e abrange magmatismo do tipo tonalito-trondhjemito-
granodiorito (TTG), cálcio-alcalino (CA) de baixo a alto potássio e magmatismo 
intraplaca do tipo cálcico-ferroso. 
O magmatismo TTG ocorreu entre 3,42 e 3,36, podendo ter regionalmente se 
iniciado em ca. 3,60 Ga, como sugerido pela presença de xenocristais e grãos de zircão 
detrítico. Este magmatismo seria originado pela fusão de toleítos básico enriquecido 
(tipo basaltos de platôs oceânico) em elevadas profundidades (≥ 50 km), deixando como 
fases residuais granada ± rutilo, progressivamente associadas com anfibólio e ausência 
de plagioclásio.  
O magmatismo CA de baixo potássio ocorreu entre 3,35 e 3,32 Ga e se formou 
pela fusão de toleítos básicos em nível crustal relativamente mais raso (≤ 50 km), 
contendo plagioclásio como fase residual e fracionante. Em conjunto, o magmatismo 
TTG e CA delimita o período de amplo espessamento crustal associado a processos de 
retrabalhamento intracrustal, como sugerido por valores de ԐHf(t) negativo (Guitreau et 
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al., 2012). Estes resultados sugerem contínua condição de pressão de fusão durante o 
espessamento da crosta continental primitiva. O espessamento crustal é relacionado à 
geração de magmas em níveis crustais gradualmente mais raso, associado a processos 
de assimilação crustal e fusão parcial de crosta pré-existente. A crosta félsica primitiva, 
de natureza juvenil, ainda não foi identificada regionalmente.  
O magmatismo CA de alto-potássio representa o membro final de geração de 
magma por processos de fusão intracrustal, principalmente dos litotipos TTG e CA mais 
antigo. Embora o período de formação deste magmatismo não esteja diretamente 
definido ele delimita o estágio de estabilização cratônica em diferentes regiões do 
planeta.  
Por sua vez, o magmatismo final é caracterizado pelo sistema vulcânico-plutônico 
de 3,30 Ga. Este magmatismo, hoje representado por riolítos e granitos de alta-sílica, 
representa o remanescente de um vasto sistema crustal que evoluiu em ambiente 
tectônico intraplaca relacionado ao colapso gravitacional da crosta continental 
recentemente espessada.  Especificamente, os riolítos seriam derivados da extração e 
erupção do líquido residual de alta-sílica formado pela cristalização do magma granítico 
em relativo raso (< 10 km) reservatório, agora representado pelo maciço granítico. O 
granito formou-se pela fusão ou diferenciação de material similar ao gnaisse diorítico 
que ocorre regionalmente. A ampla variação da assinatura dos isótopos de Hf indica que 
o magma riolítico é gerado pelo retrabalhamento de uma fonte crustal e sugere que o 
granito co-genético se formou pela fusão parcial em desequilíbrio da fonte diorítico rica 
em zircão. O sistema vulcânico-plutônico se distingue do magmatismo TTG e CA e 
representa o estágio final de cratonização da litosfera continental que constitui o Bloco 
Gavião. 
5.2. Sequências supracrustais que recobrem parcialmente o Bloco Gavião 
A borda oriental do Bloco Gavião é delimitada pela zona de cisalhamento sinestral 
Contendas-Jacobina, uma mega estrutura com 600 km de comprimento que separa os 
blocos Gavião e Jequié em sua porção sul e o Bloco Gavião do orógeno 
paleoproterozóico Itabuna-Salvador-Curaçá, incluindo os complexos neoarqueano 
Caraíba e São José do Jacuípe, na porção norte. O desenvolvimento desta zona de 
cisalhamento controla a exumação dos domos do embasamento que ocorrem na porção 
sul da sequência supracrustal Contendas-Mirante. A exumação dos domos é tectônica e 
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verticalizam os sedimentos Paleoproterozóico da sequência Contendas-Mirante, sendo 
temporalmente correlato ao granito rosa intrusivo na sequência Contendas-Mirante, 
datado em 2035 ± 10 Ma. 
A sequência Contendas-Mirante e o Complexo Saúde representam bacias de 
antepaís, parte de um amplo sistema deposicional ou diferentes depocentros dentro do 
mesmo sistema tectônico. A geração de bacias de antepaís está relacionada à 
amalgamação do Cratón do São Francisco no Paleoproterozóico.  
Os metassedimentos da sequência Contendas-Mirante apresentam quatro 
principais populações de zircão detrítico: 3340-3290 Ma, 2720-2560 Ma, 2410-2200 
Ma e, a mais abundante, em 2200-2080 Ma. A idade máxima de deposição é de 2070 
Ma. Contudo, amostras com componente vulcanoclásticos apresentam população única 
de zircão com idade em 2140±20 Ma, o que, aliado aos xenocristais de ca. 2,1 Ga 
extraídos do granito intrusivo fornecem a melhor estimativa para o início do 
preenchimento da bacia e vulcanismo associado. A população principal de zircão 
detrítico é contemporânea às múltiplas intrusões graníticas da porção ocidental do Bloco 
Gavião e às rochas magmáticas sin- a pós-tectônico do orógeno Itabuna-Salvador-
Curaçá (2,19-2,07). A geração destas rochas está associada, em sua maioria, ao intenso 
retrabalhamento dos terrenos Arqueano do Cráton do São Francisco, como por exemplo, 
os blocos Gavião e Jequié e os complexos São José do Jacuípe e Caraíba. Estes 
terrenos/complexos correspondem a principal área fonte dos clastos e zircão detrítico 
que compõem a sequência Contendas-Mirante. O Cinturão Mineiro da parte sul do 
Cráton do São Francisco foi acrescionado contemporaneamente ao orógeno Itabuna-
Salvador-Curaçá, sendo que o sistema de arco magmático formado entre 2,36 e 2,19 Ga 
corresponde até o momento ao principal candidato para a população de zircão detrítico 
deste intervalo. Amostra de quartzito que ocorre próximo ao riolíto de 3,30 Ga 
apresenta exclusivamente zircão detrítico com idade entre 3350 e 3260 Ma, sendo 
interpretado como correlato a Bacia de Jacobina, porção norte da zona de cisalhamento, 
e sua área fonte seria o próprio Bloco Gavião.  
Por sua vez, o Complexo Saúde apresenta abundante população de zircão 
detrítico entre 2,07-2,20 Ga e 2,50-2,68 Ga. Ambos intervalos são amplamente 
encontrado na porção norte do orógeno Itabuna-Salvador-Curaçá e no seu embasamento 
arqueano retrabalhado, os complexos São José do Jacuípe e Caraíba. A correlação do 
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Complexo Saúde com a Bacia Jacobina como uma única bacia paleoproterozóica não é 
favorecido, sugerindo que elas correspondem a duas sequências supracrustais 
temporalmente distintas. A Bacia Jacobina apresenta típica estratigrafia de rift 
intracontinental (Mascarenhas et al., 1998; Pearson et al., 2005), exclusivamente zircão 
detrítico Paleoarqueano (3,35-3,25 Ga; Teles et al., 2015; Barbuena et al., 2016), pirita e 
urarinita detrítica (Pearson et al., 2005; Teles et al., 2015) e mineralização de ouro 
relacionado a eventos hidrotermais (Milesi et al., 2002). Importante realçar que duas 
amostras do Complexo Saúde apresentaram exclusivamente zircão detrítico em torno de 
2,5 Ga, sugerindo que a erosão da fonte destes grãos ocorreu antes do magmatismo 
Paleoproterozóico do orógeno Itabuna-Salvador-Curaçá. Esta observação sugere que 
estas rochas metassedimentares fazem parte de uma bacia mais antiga, que (i) estaria 
relacionada ao sistema de arco magmático dos complexos São José do Jacuípe e Caraíba 
e hoje se encontra tectonicamente imbricado com o Complexo Saúde; ou (ii) 
representaria remanescentes de uma margem passiva desenvolvida sobre o Bloco 
Gavião.  
Um período de quiescência tectônica ocorreu entre a intrusão do granito rosa em 
2035 Ma e a intrusão do dique granodiorítico em 1730 Ma. O magmatismo de 1,73 Ga 
representa a expressão mais a leste do evento extensional que culminou na formação do 
rift da Chapada Diamantina. 
5.3. Transição entre a Sequência Contendas-Mirante e o Bloco Jequié 
Rochas vulcânicas ultramáficas a intermediárias afloram no setor nordeste da sequência 
supracrustal Contendas-Mirante. Nas intercalações com metassedimentos predominam 
basaltos Mg-toleíticos subalcalino de baixo potássio e, de maneira subordinada, basaltos 
Fe-toleíticos subalcalino. Por outro lado, as rochas ígneas que bordejam a intrusão 
gabróica do Rio Jacaré apresentam contato gradacional com os gabros e são 
classificados dominantemente como basalto-andesito e andesito cálcio-alcalino. A idade 
máxima de cristalização destas rochas em 2,17 Ga é estabelecida pela população 
principal de zircão detrítico extraídos do metassedimento que ocorre intercalado à 
vulcânica básica. Desta maneira, o vulcanismo da porção oriental da sequência 
Contendas-Mirante ocorreu no Paleoproterozóico e possui assinatura geoquímica e 
isotópica que caracteriza processos de assimilação de crosta continental pré-existente. O 
ambiente tectônico mais favorável é de vulcanismo continental, uma vez que não há 
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outros elementos que permita inferir o desenvolvimento de arco magmático 
Paleoproterozóico na região. 
O contato entre a sequência Contendas-Mirante e o Bloco Jequié é delimitado 
pela intrusão gabróica do Rio Jacaré, contudo ainda não é claro se os gabros 
correspondem ao equivalente plutônico das rochas vulcânicas Paleoproterozóica. Por 
sua vez as rochas monzograníticas que ocorrem a leste da intrusão do Rio Jacaré se 
encontram cisalhadas, enquanto que as rochas da intrusão do Rio Jacaré não. Esta 
observação sugere que a intrusão do Rio Jacaré é tardi- a pós- cisalhamento. Os 
monzogranitos possuem idade de cristalização em ca. 2.65 Ga e constituem parte do 
Bloco Jequié, sendo temporalmente correlato aos complexos Caraíba e São José do 
Jacuípe, parte norte do orógeno Itabuna-Salvador-Curaça (Oliveira et al., 2004; 2010). 
Desta maneira, chama a atenção que a mesma transição entre rochas paleoarqueanas 
parcialmente recobertas por bacias de antepaís Paleoproterozóica ocorre tanto na parte 
sul como na parte norte da Zona de Cisalhamento Contendas-Jacobina. A diferença é 
que na parte norte o Complexo Saúde recobre o Complexo Mairi e a zona de 
cisalhamento separa estes complexos dos complexos Neoarqueano São José do Jacuípe-
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High-silica rhyolites having U-Pb zircon ages of 3303 ± 11 Ma occur along the eastern 
border of Gavião Block (Brazil) associated with the Contendas-Mirante and Mundo Novo 
supracrustal belts. Unlike many Archean greenstone sequences, they are not interlayered with 
mafic to intermediate units. Instead, they belong to an inter-related plutonic-volcanic system, 
together with granitic massifs having similar zircon crystallization ages of ca. 3293 ± 3 Ma 
and 3324 ± 53 Ma and plotting along the same geochemical trends as the rhyolites. The 
rhyolites show well-preserved primary volcanic features such as magma flow texture and 
euhedral phenocrysts. High emplacement temperatures are indicated by petrographic evidence 
(β-quartz phenocrysts), zircon saturation temperatures (915-820 oC) and geochemical data, 
especially high SiO2 (74-79 wt. %) together with elevated Fe2O3(T) (~3 wt. %), MgO (0.5-1.5 
wt. %) and low Al2O3 (<11 wt. %). The rhyolites show homogeneous trace element ratios 
(La/YbN 4.8 ± 1.8; EuN/Eu* ~0.55) and negative ԐHf(3.3 Ga) from  0 to -7, indicating derivation 
from a single crustal source for both occurrences. Specifically, the rhyolites would have 
derived from extraction and eruption of highly silicic residual liquid formed by crystallization 
of granitic magma in a relatively shallow (<10 km) reservoir, now represented by the granite 
massifs. The granite magma was formed by melting or differentiation of material similar to 
the diorite gneiss that occurs regionally. The 3.30 Ga volcanic-plutonic systems occur after a 
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period of crustal growth and stabilization related to massive 3.42-3.32 Ga TTG and calk-
alkaline magmatism in the Gavião Block, which resulted in the stabilization of a thick 
continental lithosphere. The 3.30 Ga-old rhyolites and granites would therefore have formed 
in an intracontinental tectonic setting related to gravitational collapse of a newly thickened 
continental crust, and represent accordingly an important final stage of the lithosphere 
stabilization process. Such cratonization and crust reworking processes could therefore have 
begun as early as 3.30 Ga in Earth's history. 
1. Introduction 
Whether the primary building blocks of continents were originated in volcanic arcs 
associated with subduction-induced mantle-melting zones or were associated with intraplate 
volcanic centers driven by narrow mantle upwellings remains elusive to early Archean Earth 
(Martin, 1986; de Wit et al., 1992; Zegers and van Keken, 2001; Smithies et al., 2003, 2009; 
van Thienen et al., 2004; Martin et al., 2005, 2014; Bédard, 2006; Van Kranendonk, 2011; 
Bédard et al., 2013; Furnes et al., 2013; Van Kranendonk et al., 2014; Gerya, 2015; Sizova et 
al., 2015). Most intraplate volcanic systems, such as bimodal volcanic system and oceanic 
islands and plateaux, compositionally differ from magmas generated at plate boundaries, the 
former being hotter, drier and induced by anhydrous decompression melting, and the latter are 
typically colder, H2O-rich and formed by fluid-driven flux melting (Bailey, 1983; Grove et 
al., 2012; Lee and Bachmann, 2014). Intraplate magmatism generally affects continental or 
oceanic interiors undergoing extension (Lee et al., 2009) and is actively driven by narrow 
mantle plumes originating from relatively shallow asthenosphere upwelling (Anderson and 
King, 2014), or passively driven by plate motion (Ziegler and Cloetingh, 2004). The latter 
case is the result of gravitational collapse of an overthickened crust generated by magmatic 
additions of >20 km thickness (Aitken et al., 2013), including continental and oceanic 
interiors.  
The magmatic underplating and lower crust magmatic intrusion is observed in different 
tectonic settings, including plate boundary magmatism and extensional continental and 
oceanic areas (e.g. Thybo and Artemieva, 2013). The local lithospheric heterogeneities 
influence the continental intraplate magmatism. For example, the volcanic basalt-rhyolite 
bimodal system of Yellowstone is generated by the interaction of a mantle plume and the 
North American plate at a continental extensional environment (Christiansen et al., 2002), in 
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which the contamination and assimilation of North American lithosphere material by basaltic 
magma resulted in rhyolites with geochemical and isotopic characteristics of crustal affinity, 
such as negative εHf(t) values (Christiansen et al., 2002; Nash et al., 2006; Simakin and 
Bindeman, 2012; Drew et al., 2013). The addition of underplating mafic magma in the 
Archean lithosphere thus provides a “non-plate tectonics” way for crustal growth and 
thickening (Thybo and Artemieva, 2013), and may contribute to secondary melting of parts of 
the original crust by latent heat conduction (Fyfe, 1978, 1992) and advection of heat by mafic 
magma (Bédard, 2006). The continuous underplating of mafic magmas causes the progressive 
cannibalization and stabilization of the continental lithosphere by successive intra-crustal 
melting events (Bédard, 2006). On the other hand, thickening of juvenile crust increases total 
heat production in the nascent lithosphere due to the advection and accumulation of 
radiogenic elements toward the upper crust on timescales of 30-40 Ma (Bea et al., 2013). The 
combination of magma underplating and radiogenic heating by radioactive decay must play a 
trigger in crustal melting process and into the generation of granitic magma (Fyfe, 1973; 
Bédard, 2006; Thybo and Artemieva, 2013; Bea, 2012). 
Understanding crustal formation and stabilization processes in the Archean is inevitably 
linked with the study of high-silica magmas, since those are major constituents of the 
continental crust, especially of Archean age (Moyen and Martin, 2012 and reference therein). 
Differentiation of mafic magmas from the mantle, either by fractional crystallization or 
remelting and return of the cumulate or residue to the mantle, accounts for the felsic bulk 
composition of the continental crust (Rudnick et al., 1995; Cawood et al., 2013). Keller et al. 
(2015) recently argued that fractional crystallization, rather than crustal melting, is 
predominantly responsible for the production of intermediate and felsic magmas, and 
emphasized the role of cumulates as a residue of crustal differentiation. The cumulate 
composition reflects the source processes and restite mineralogy (see Condie, 2014 for a 
review), but is compositionally complementary to the extracted melt (Keller et al., 2015). For 
example, high-silica granites (> 72 wt.% SiO2) may represent residual liquids within a 
magmatic crystal mush of 69 to 72 wt.% of SiO2 (Lee et al., 2015) and the generation of high-
silicic rhyolitic melt can be produced in equilibrium with a felsic cumulate of no more than 
60% SiO2 (Keller et al., 2015).  
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Therefore, the study of Paleoarchean interconnected volcanic-plutonic system most plays 
a trigger on understanding early Earth processes, such as mechanism of crustal stabilization, 
secular evolution on magma genesis and the preservation potential of upper crust segments. 
Felsic volcanic rocks of 3.30 Ga occur at the eastern margin of Gavião Block, São Francisco 
craton, in association with two distinct supracrustal belts, namely Conttendas-Mirante and 
Mundo Novo (Marinho et al., 1994 a, b; Peucat et al., 2002). However, their petrogenesis is 
poorly known. Here, we describe petrological and geochemical affinities between those felsic 
volcanic and coeval pluton based on whole-rock geochemical data coupled with Hf isotopes 
in zircon grains from the volcanic rocks. Geochemical modeling is used to investigate the 
evolution of the volcanic-plutonic system and to investigate the role that the dioritic gneiss 
that occur regionally has as possible source area to the granite. Then we discuss the evolution 
of the volcanic plutonic system related to the evolution of the Gavião Block and argue about 
the general role that intraplate magmatism might play in craton stabilization after a stage of 
magmatically crustal thickening.  
2. Geological setting 
The São Francisco Craton (Fig. 1) comprises Archean and Paleoproterozoic low-grade 
supracrustal belts, low-grade to granulite-facies granite-gneisses-migmatite terranes of 
tonalitic, granodioritic and granitic compositions, and volcanosedimentary belts 
metamorphosed up to the amphibolite facies overlain by a mid-late Proterozoic platform-type 
cover. Barbosa and Sabaté (2004) have interpreted the evolution of the northern portion of 
São Francisco Craton in terms of convergence and collision of four Archean crustal segments, 
i.e. Gavião block, Jequié block, Serrinha block, and Itabuna–Salvador–Curaça belt during the 
Paleoproterozoic orogeny at ca. 2.20 - 2.08 Ga (see Oliveira et al., 2010 for a review).  
The Gavião Block, which contains the oldest rocks of South America, forms the wide 
western segment of the São Francisco basement,
 
partially buried under late Paleo- and 
Mesoproterozoic sequences to Cenozoic cover. It includes different domains composed by 
3.42 - 3.32 Ga granite-gneisses complexes of TTG and calc-alkaline composition (Fig. 1) 
(Martin et al., 1997; Nutman and Cordani, 1993; Guitreau et al., 2012; Mougeot, 1996; 
Santos-Pinto et al., 1998, 2012; Silva et al., 2016; Marchesin, 2015; Zincone, 2016), and the 
investigated 3.30 Ga felsic volcanics that are associated with two supracrustal sequences, 
namely the Contendas-Mirante supracrustal belt and the Mundo Novo greenstone belt 
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(Marinho et al., 1994b; Peucat et al., 2002). At least three major thermal-metamorphic-
plutonic stages have been recorded in the Gavião block by U–Pb zircon ages at ca. 3.15, 2.70, 
and 2.05 Ga (see Silva et al. 2016 for review). 
 
Fig. 1: Simplified geological map of the São Francisco Craton (modified after Silva et al., 2015). The 
letters indicate the four main complexes within the Gavião Block; P: Porteirinha Complex; G: Gavião 
Complex; M: Mairi Complex; S: Sobradinho Complex. The red rectangle represents the area covered 
by Fig. 2.    
Distinct Archean to Paleoproterozoic volcano-sedimentary sequences of greenstone 
belt type occur within the Gavião block, but their tectonic significance remains poorly 
understood. The eastern boundary of the Gavião block is defined by the north-trending, 600 
km-long Contendas-Jacobina Lineament (Sabaté et al., 1990) (Fig. 2 A). This lineament 
separates Paleoarchean medium-grade rocks of the Gavião block from Neoarchean high-grade 
rocks of the Jequié block and the Itabuna-Salvador-Curaça Orogen. At the northern sector of 
the former lineament the Jacobina basin is a quartzite sequence with intercalated Au-U-pyrite-
bearing metaconglomerates deposits and uraninite grains, similar to the Witwatersrand basin 
in South Africa (see Pearson et al., 2005; Teles et al., 2015 for a review). The quartzites and 
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metaconglomerates contain only 3580 to 3250 Ma detrital zircon grains, with most abundant 
population at 3.30 Ga (Teles et al., 2015).  
The low-grade Contendas-Mirante foreland basin (Zincone, 2016; Zincone and 
Oliveira, 2014 and submitted) is located at the southern sector of the Contendas-Jacobina 
lineament (Fig. 2 A) and has been previously interpreted as an Archean greenstone belt 
overlain by Paleoproterozoic sedimentary rocks (Mascarenhas and Silva, 1994; Marinho et 
al., 1994a and b; Nutman et al., 1994). In fact, Zincone and Oliveira (2014 and submitted) 
have demonstrated that the 3.30 Ga Contendas Rhyolite and the 3.40-3.35 Ga TTGs cropping 
out further south are basement rocks that were uplifted into their Paleoproterozoic cover 
during continent-continent collision. The Paleoproterozoic metasedimentary units of the 
foreland basin display four main age groups of detrital zircon, namely 2070-2200 Ma (most 
abundant), 2200-2410 Ma, 2550-2830 Ma and 3240-3370 Ma (Zincone and Oliveira, 2014 
and submitted). The exception is the quartzite unit that crops out close to the Contendas 
Rhyolite (Fig. 2 B); the quartzite exclusively contains zircon grains with a tight range of ages 
between 3340 and 3290 Ma, similar to the Jacobina basin (Teles et al., 2015).  
  The Mundo Novo greenstone belt (Fig, 2 C; Mascarenhas and Silva, 1994) comprises 
five units characterized by the common occurrence of ultramafic, basic or felsic volcanic 
rocks, as well as chemical and clastic sediments in different proportions. The temporal 
relationship within each unit is not known and the occurrences are confined to a discontinuous 
trend along the Contendas-Jacobina lineament. The igneous rocks include exhalative, 
volcanoclastic, flow, sill, dykes, and stratiform complexes. The greenstone type units that 
occur along the Mundo Novo supracrustal belt include entirely, or partially the Cruz das 
Almas, Bananeira, Água Branca formations of Jacobina group (Leo et al. 1964; Grifon, 1967), 
the Itapicuru complex (Couto et al., 1978), and the Brejo dos Paulos complex (Couto et al., 
1978). Loureiro and Santos (1991) describe the Mundo Novo greenstone belt as an 




Fig. 2: Simplified geological map of Contendas-Jacobina lineament at the eastern border of Gavião 
Block (modified from; Mascarenhas et al., 1998). In the south the low metamorphic grade 
Paleoproterozoic Contendas-Mirante Foreland Basin is sandwiched between the Gavião and Jequié 
blocks, and it is correlated with the northern Saúde basin. The grey rectangle represents the area 
covered by Fig. B and C, reshowing the geological map from the Mundo Novo Rhyolite and the 
Contendas Rhyolite, respectively. 
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3. Geological setting and petrography of the rhyolites and granites 
The felsic volcanics of Entroncamento village and Coqueiro farm occur 200 km far from 
each other (Fig. 2A). They crop out along the Contendas-Jacobina lineament and were first 
recognized as part of two different greenstone belt-type supracrustal sequences (Marinho et 
al., 1978; Sabaté et al., 1990). The southernmost Contendas Rhyolite is associated with the 
Contendas-Mirante supracrustal belt (Marinho et al., 1994a), whereas the northernmost 
Mundo Novo Rhyolite is associated with the Mundo Novo greenstone belt (Mascarenhas et 
al., 1992; Mascarenhas and Silva 1994; Peucat et al., 2002). 
The rhyolite units are best exposed in two abandoned quarries (Fig. 2 B-C). The contact 
between rhyolite and basement gneisses, or sedimentary rocks was not observed; the 
volcanics occur as inliers within Paleoproterozoic cover. The maximum metamorphic grade is 
lower greenschist facies. It is worth mentioning that the rhyolites are not interlayered with any 
basaltic to komatiitic flow, or andesite-dacite rocks as it is most commonly the case in many 
Archean greenstone sequences (e.g. Smithies et al. 2007; Polat et al., 2009; Kröner et al., 
2013). 
The Contendas Rhyolite (CR) of the Contendas Mirante supracrustal belt occurs as 
approximately 0.6 km wide and 1.8 km long outcrop. Field relations between rhyolite and 
quartzite cannot be established owing to the presence of the younger cover. To the east, the 
rhyolite is rimmed by a few meter wide, phyllonite zone (quartz-sericite schist) and then by 
metric-size quartz veins that eventually separate the rhyolite from the Paleoproterozoic 
Contendas-Mirante meta-sedimentary rocks. The rhyolite was affected by low-grade 
metamorphism (chlorite zone) and is composed of 0.5 to 1 cm-long euhedral white feldspar 
and purple-black β-quartz phenocrysts within aphanitic grayish blue groundmass (Fig. 3 A-
C). Locally, quartz and feldspar are N-S oriented and define a grain lineation, possible related 
to primary igneous flow texture. At east, the east dipping foliation (Sn: 090/58) associated 
with down dip lineation (Lx: 082/58) on mafic clusters parallels the structural fabric of 
adjacent younger meta-sedimentary rock, indicating that the rhyolite was affected by 
Paleoproterozoic deformation.  
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The Mundo Novo Rhyolite (MNR) in the Mundo Novo supracrustal belt has been 
described as dacite and rhyodacite with a microporphyritic and variolitic texture associated 
with pyroclastic, meta-volcanosediments (Loureiro and Santos, 1991; Peucat et al., 2002). 
The rhyolite crops out in an area of approximately 2 km long by 0.2 km wide. Subhedral 
phenocrysts of plagioclase, quartz and partially chloritized biotite range from 1 to 2 mm long 




Fig. 3: Field aspects of the Contendas rhyolite (CR), Mundo Novo rhyolites (MNR), Boa Sorte 
granite, Boa Vista albite-granite and Calderon diorite from the São Francisco craton. (a) General view 
of the CR. (b) Crystal-rich zone within aphanitic grayish blue groundmass. White feldspar and purple-
black β-quartz phenocrysts (yellow arrow). Euhedral feldspar is locally broken. (c) Mineral orientation 
and planar structure interpreted as magma flow texture on the CR (see text for discussion). (d) MNR 
with dominant quartz phenocrysts. (e) Boa Sorte biotite granite gneiss (sample TZD-199A) cut by 
albite granite dyke. (f) Detail of the porphyritic granite with preferential orientation of stretched K-
feldspar phenocrysts (sample TZD-268). (g) Boa Vista gneiss characterized by leucogranitic dykes 
(sample TZD-199A show as A in the photo) associated with granodioritic bands. (h) Calderon diorite 
gneiss (sample TZD-185).  
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The rhyolites from both localities are composed of quartz and feldspar as essential 
minerals and chlorite, biotite, and opaques as accessory phases. Feldspar and β-quartz 
phenocrysts are embedded in a siliceous, fine-grained (0.05 mm), felsic groundmass of quartz, 
plagioclase, alkali feldspar, biotite (partially chloritized), tiny flakes of chlorite, muscovite, 
and opaque (mostly magnetite) (Fig. 4 A-C). Feldspar phenocrysts show compositional 
zoning with K-rich nucleus, as indicate by albite-pericline twinning and scanning electron 
microscope analyzes and a sodic – albite - external zone (Fig. 4 D-E). Poikilitic feldspar has 
inclusions of chlorite and apatite, and is partially altered to sericite and calcite.  
In most CR samples primary igneous flow texture is retained (Fig. 4 A-B, D-F), 
although polycrystalline quartz aggregate with granoblastic fabric and feldspar phenocrysts 
with kink bands can occasionally be observed. In contrast, the CR shows coarser groundmass, 
partially reabsorbed feldspar phenocrysts (Fig. 4 G), and S/C shear band fabric defined by 
muscovite-preferred orientation (Fig. 4 H), indicating more intense solidus deformation. 
Muscovite occurs in three distinct habits: in the fine-grained groundmass, as alteration 
product of plagioclase, and as euhedral to subeuhedral phase in shear planes. The latter case 
was observed only in the CR, and is correlated to changes in major element composition 
(increase of the peraluminous character of some samples; see § 4.3). 
A distinct structure observed in CR samples is the presence of crystal-zone 
accumulation (Fig. 4 I) and millimeter-size enclaves (Fig. J-L). The enclaves present 
plagioclase phenocrysts (c. 1 mm) smaller than those immerse into the groundmass, together 
with coarse-grained groundmass (c. 0.1-0.2 mm) and biotite selvedges zircon-bearing (Fig. 4 
C, K-L). The higher abundance of plagioclase, biotite and apatite in the enclaves than in the 
groundmass indicates a dacitic composition. 
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Fig. 4: Petrographic aspects of the rhyolites. A-B) feldspar and β-quartz phenocrysts embedded in 
fine-grained (0.05 mm) felsic groundmass. In the center, millimeter-size enclaves made up of 
plagioclase, biotite ± quartz, apatite, zircon, embedded in a polycrystalline groundmass (2.5x, PP and 
XP respectively; sample TZD-31 E of the CR). C) detail of the micro enclave shown in A-B. The 
central zone is plagioclase-rich and the basic selvedge is composed mainly of biotite (partially 
chloritized), apatite and zircon. D-E) Euhedral feldspar phenocrysts with compositional zoning; K-
feldspar nucleus and albite rim (sample TZD-31C of the CR). F) β-quartz involved by fine-grained 
groundmass in magma flow texture (PP, 2.5x; sample TZD-31E of CR). G) reliquiar feldspar 
phenocrysts on the silica-richer sample (sample DBD-277B of the CR; see text for discussion). H) S/C 
shear band fabric defined by muscovite-preferred orientation (sample DBD-277B of the CR). I) local 
accumulation of quartz and feldspar phenocrysts associated with biotite-bearing mafic microgranular 
enclave (sample TZD-31E of CR). J) local accumulation of plagioclase in glomeroporphyritic texture 
forming a micro enclave without the basic selvedge (XP, 2.5x; sample TZD 31E of the CR). K-L) 
micro enclave delimited by basic selvedge. The enclave is characterized by agglomerate of feldspar 
phenocrysts smaller than those immersed in the fine-grained groundmass (NP and XP, 2.5x; sample 
TZD-31A of the CR).  
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The Boa Sorte meta-syenogranite occurs 30 Km south of MNR. It has a roughly 
circular shape of ca. 3.3 Km diameter, suggesting that it corresponds to a former intrusive 
pluton within grey gneisses complex. The granite is cut by centimetric, pink quartz-felspatic 
dykes parallel to the main foliation (Fig. 3E) and presents a weakly porphyritic texture with < 
1cm stretched K-feldspar phenocrysts in a grayish blue groundmass (Fig. 4F). The 
syenogranite (sample TZD-268) is composed of quartz (55%), microcline (25%), plagioclase 
(8%) and biotite (12%), as well as accessory zircon, apatite, epidote, allanite and calcite. 
The 3.35 Ga Boa Vista dome (Nutman and Cordani, 1993) occurs at the southern part 
of the Contendas-Mirante foreland basin and its extrusion led to upright doming of the 2.1 Ga 
metasedimentary rocks during Paleoproterozoic continent-continent collision (Zincone, 2016; 
Zincone and Oliveira, submitted). The eastern border of the gneissic dome exhibit sheared-out 
intrafolial fold limbs that leave relic fold hinges in angular juxtaposition with adjacent 
gneissic bands. Sample TZD-199A is a decametric bands of biotite meta-granite cut by albite 
granite dyke (Fig. 3G).  
The Calderon diorite gneiss (Fig. 3H) is located between the Sete Voltas and Boa Vista 
domes, specifically 2.5 Km west of the Boa Vista meta-granite (sample TZD-199A) and 75 
km south of the CR. The Calderon diorite gneiss shows a subcentimetric-scaled, 
compositional banding characterized by enriched layers of plagioclase (75 to 80%), biotite 
(15-20%) and quartz (5-10%) alternating with thinner bands richer in quartz (15-20%), with 
less plagioclase (70-75%) and biotite (5-7%). Magnetite, titanite, epidote, zoisite, zircon and 
apatite are accessory phases. 
4. Results 
A description of the analytical methods is given in Appendix A. 
4.1.  U-Pb geochronology  
Four samples were investigated for geochronology: sample TZD-31B from the CR 
collected at small abandoned quarry north of Barra da Estiva road junction; sample PO-119 
from the MNR collected at small abandoned quarry at north side of the BA-052 road, north of 
Coqueiro Farm; Sample TZD-268 and sample TZD 199A from the Boa Sorte and Boa Vista 
granites, respectively, which are chemically and genetically related to the rhyolites as 
demonstrated later. Zircon grains in all four samples show similar shapes (perfectly euhedral, 
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translucid, colorless to light pink stubby prisms ranging from 150 to 400 μm and having 
aspect ratio of 3:1) and internal structures, showing a concentric oscillatory zoning with no 
overgrowths (Fig. 5 A). As pointed out by Marinho et al. (1994b), the (100) prism is better 
developed than (110) and the (101) pyramid is more developed than (211), which are 
characteristic features of primary magmatic crystals of high crystallization temperature (850 
o
C), typical of volcanic rocks (Pupin, 1980).  
Th/U ratios in zircons from rhyolites are ~0.5, whereas they are slightly higher (0.7-0.8) in 
the granite. From sample TZD-31B, 44 spots on 39 zircon grains were analyzed, from which 
35 spots are concordant within 95% of confidence. A Concordia age of 3304.3 ± 8.2 Ma was 
calculated (Fig. 6), interpreted as the time of CR crystallization. This age matches that 
obtained by Marinho et al. (1994b) at 3304±31 Ma. 
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Fig. 5: Representative  cathodoluminescence images of zircons from the studied volcanic and plutonic 
rocks of the Gavião Block. A) Contendas Rhyolite (sample TZD-31). B) Mundo Novo Rhyolite 
(sample PO-119). C) Boa Sorte Granite (sample TZD-268). D) Boa Vista Granite (sample TZD-
199A).Spots are labelled with 
207
Pb/
206Pb age (in Ma), Hf model age (in Ga), εHft and spot number 
(between brackets) (except for (C) that has not been analyzed for Hf isotopes). U-Pb ages are all 
within 5% of concordance and uncertainties are 2σ. White scale bar is 50 µm.  
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In sample PO-199, 30 spots from 30 zircon grains were analyzed from which a 
Concordia age of  3303.7 ± 11 Ma (Fig 6) was obtained. This age is within uncertainties 
identical to the existing SHRIMP age of 3305 ± 9 Ma (Peucat et al., 2002), and interpreted as 
reflecting the crystallization of the CR. 
 








U) obtneided by LA-ICP-MS zircon 
analyses on samples from the Contendas and Mundo Novo rhyolites and from the Boa Sorte and Boa 




From sample TZD-268, 46 spots on 41 zircon grains were analyzed, from which 35 spots 
are concordant within 95% of confidence. Seven zircon grains were analyzed on both core 
and edges, six of them presented concordant age and only one with significant difference (zr 
3a and 3b; Fig. 5 C). The Concordia age of 3292 ± 3 Ma (MSWD = 4.8) was calculated on the 
basis of 32 analyses (Fig. 6 C) and interpreted as the crystallization age of Boa Sorte meta-
granite. In sample TZD-199A, 40 zircon grains were analyzed, from which 30 spots yielded 
an upper intercept of 3324 ± 53 Ma (MSWD 3.2). The concordia age of 3327.7 ± 3 Ma was 
calculated on the basis of 25 spots and interpreted as the crystallization age of the Boa Vista 
biotite meta-granite. 
4.2. Zircon Hf isotopes 
Hf-in-zircon analyses were carried on thirty-nine spot analyses of the MNR and on 




Hf(3.3 Ga) ratios overlap between both rhyolites, but are very 
heterogeneous (ranging from 0.28047 to 0.28066). Most of the corresponding εHf(3.3 Ga) 
values are negative; the MNR indeed shows εHf(3.3 Ga) ranging between -0.35 and -6.26, 
corresponding to Hf model ages between 3.57 and 3.87 Ga. Similarly, the CR show εHf(3.3 Ga) 
values between +0.35 and -6.57 (with one outlier at -9) and Hf crustal model ages range from 
3.54 to 3.88 Ga (outlier with Hf model age of 4.02 Ga; spot s22).  
 
Fig. 7: Composite Hf isotope evolution diagram. (a) 40 analyses from Contendas Rhyolite; (b) 30 









crustal ratio of 0.0113 (Bouvier et al. 2008). The 
176
Lu decay constant of Söderlund et al. (2004) and 
Scherer et al. (2001) were used in the calculation of εHf(3.3 Ga) values. 
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4.3. Whole-rock geochemistry 
The striking compositional similarity between CR and MNR is observed in their major 
and trace element signatures. All samples are silica oversaturated with more than 43% 
normative quartz and SiO2 ranging from 76.5 to 78.7 wt. % for CR and 77.8 to 79.3 wt. % 
(except two samples at 74-75 wt. %) for MNR. The two groups have low Al2O3 (<11 wt. %) 
contents and K2O/Na2O ratios between 0.5 and 1 (Fig. 8). MgO, Fe2O3, and CaO are the only 
major elements that can be used to distinguish CR and MNR (Fig. 8). Accordingly, the MNR 
display higher MgO (average 1.07 wt. % with Mg
# 
0.44) and lower CaO (average 0.18wt. %) 
contents than the CR (average MgO 0.48 wt. % with Mg
#
 = 0.28; average CaO = 0.73%wt). 
Intriguingly, the most silica-rich samples from the MNR are also the richer in MgO. The two 
rhyolite units are also depleted in ferromagnesian elements (Fe2O3+MgO+MnO+TiO2 < 4.4 
wt%), with relatively high Cr (from 5 to 24 ppm, Craverage =13 ppm) and low Ni (<1 ppm) 
contents. Their composition overlap extensively in terms of Al2O3 (10.7%), Fe2O3(t) (3.0%), 
Na2O (3.4%), K2O (2.7%), and P2O5 (0.02%) contents. 
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Fig. 8: Binary diagrams showing variation of larger elements against silica. 
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On classification diagrams using major and trace elements, the samples fall in the sub-
alkaline rhyolite field (Fig. 9 A e B). In the CIPW-normative Ab-An-Or classification 
diagram, the samples show a narrow compositional range from rhyolite to quartz keratophyre 
(Fig. 9 C).  
 
Fig. 9: Classification diagrams. A) Total alkalis silica diagram (Middlemost, 1994); B) Nb/Y vs. 
Zr/TiO2 (Winchester and Floyd, 1977). C) Ternary diagram of feldspar: Ab - albite; An - anortite; Or 
– orthoclase (O'Connor, 1965); black field represent the TTG series and gray field is related to the 
calc-alkaline series commonly related to modern continental arcs.  
All CR samples have aluminium saturation index (molecular [Al2O3/(CaO+ Na2O + 
K2O)]) between 0.94 and 1.1 indicating a slightly metaluminous to peraluminous character, 
whereas the MNR samples are all slightly to strongly peraluminous (Fig. 10) with aluminium 
saturation index from 1.07 to 1.45. In the diagrams proposed by Frost et al. (2001), samples of 
CR classify as ferroan calcic, and samples of MNR straddle the ferroan calcic and magnesian 
calcic fields (Fig. 10).  On the AFM diagram all the samples fall within the calc-alkaline field, 
and as medium-K on the SiO2 vs K2O plot.  
 
Fig. 10: classification diagrams for granitic rocks. A) alumina saturation index (molecular 
[Al2O3/(CaO+Na2O+ K2O)]) against partial saturation index (molecular [Al2O3/(Na2O+ K2O)]) 
(Shand, 1943). B) MALI index Fe
# 
[(FeOt/(FeOt+MgO)] vs SiO2. The ferroan signature is given when 
Fe
#
 > 0.486 + 0.0046 x SiO2 wt% (Frost et al., 2001). C) Na2O+ K2O-CaO vs. SiO2 plot showing the 
calcic affinity from the rhyolites. 
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On a primitive mantle-normalized multi-element diagram both rhyolites display strong 
Sr and Ti, and moderate Nb-Ta negative anomalies. In addition, they present negative slope 
from Th to Rb and preferential Ba enrichment relative to Sr (Fig. 11A). The Ba and Sr 
contents can be used to distinguish between both rhyolite occurrences; the CR has higher Sr 
(c. 615 ppm) and Ba (c. 50 ppm) contents than the MNR (Sr 550 ppm; Ba 33 ppm). 
 




The REE patterns (Fig. 12) of both rhyolite units show no difference and present slight  
enrichment of the light REE relative to heavy REE (average La/Yb(N) ratio = 4.75), marked 
negative Eu anomaly (Eu/Eu* = 0.55). All samples display moderate amounts of light REE 
fractionation, with La/Sm(N) from 2.7 to 4.4 (average = 2.8), and a nearly flat heavy REE 
profile, with Gd/Yb(N) from 1.1 to 1.3. 
 
Fig. 12: Chondrite-normalized REE diagram. Normalising values after McDonough and Sun (1995). 
In figures 8 to 11, from the composition of coeval plutonic rocks regionally associated 
to the rhyolites (namely Boa Sorte, Boa Vista and Meiras granites and granodiorites) and the 
Calderon diorite gneiss are also presented. The coeval plutonic rocks and the diorite is 
plotting along the same chemical trends as the rhyolites.  
In addition to have an overlapping crystallization age (sample TZD 268), the Boa 
Sorte granite has the most striking compositional similarity related to the rhyolites, both in 
major and trace elements, albeit having lower K2O (K2O/Na2O ratio of 0.4). The Boa Vista 
granite (sample TZD-199A), the Meiras granite and granodiorite define sub-linear trends in 
Harker and other major-element plots that apparently fill the gap between the Calderon diorite 
and the rhyolites (Fig. 8-10). They are calc-alkaline, intermediate to felsic rocks ranging from 
65 to 72 wt% SiO2 and have high Fe2O3, CaO and Na2O (CaO/Na2O ratio of 0.5-0.6) 
contents. Like the rhyolites, they have slightly peraluminous and ferroan affinities (Fig. 10) 
and similar trace element and REE patterns (Fig. 11 B), with slightly higher Rb, Th, Nb-Ta, 
Sr, La and Ti contents and lower Ba and HREE contents. 
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The Calderon diorite is an intermediate (c. 58 wt.% SiO2) metaluminous and alkali-calcic 
rock of ferroan affinity (Fig. 10). It is poorer in K2O, SiO2 and richer in Fe2O3(T), MgO, CaO 
and Al2O3 than granite and rhyolites. Although it has comparable profiles in mutli-element 
diagrams and REE patterns, the Calderon diorite also distinguishes from the more felsic rocks 
due to lower contents in highly incompatible elements; less pronounced Nb, Ta, Sr and Ti 
troughs; the absence of negative Eu anomaly (EuN/Eu* = 0.92); and lower HREE contents 
(La/YbN = 18.8).  
5. Discussion 
5.1. Major element mobility  
The very strong peraluminous nature of some samples from the MNR (Fig. 10), might 
reflect superimposed metasomatism due to focused-flow, fluid-dominant regimes during later 
tectonothermal events, which possibly impinged marked modification in the mineralogy 
(growth of muscovite along shear planes, green biotite and chlorite) and major element 
chemistry (the most silica-rich samples are also the most MgO-rich; CaO and Na2O contents 
are lower than in other samples). This is consistent with the systematic presence in the MNR 
of shear planes filled with recrystallized muscovite (see §3 and Fig. 4H). Moreover, the 
abundance of MgO of the MNR (MgO(average) = 1) is twice the amount observed at the CR. 
That difference has a mineralogical control related to larger amount of green biotite and 
chlorite in the MNR than in the CR, which is also strongly suggestive of the involvement of 
hydrous fluids. The composition of these samples will therefore not be considered in the 
petrogenetic modelling. 
5.2. Zircon saturation 
The negative εHf(t) values observed for both rhyolite occurrences commonly reflect 
melting of pre-existing continental crust; inherited zircon may thus have been transported in 
melt as preexisting grains, and preserved as resorbed cores mantled by new igneous zircon 
(Watson, 1996; Miller et al., 2003). However, the investigated rhyolites lack zircon 
xenocrysts and core-rim relationships, which we interpret as reflecting that the magma was 
certainly hotter than the zircon saturation temperature (TZr) so that any pre-existing grain, if 
present, was resorbed. In this case, TZr is a minimum estimate for the actual magma 
temperature assuming that the bulk rock composition reflects that of the magma (Watson and 
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Harrison, 1983; Boehnke et al., 2013), which is likely the case for the considered volcanic 
rocks. TZr are 867-915 
o
C for the CR and of 833-868 
o
C for the MNR, values that are high for 
such SiO2-rich rocks so that both rhyolites can be considered as “hot” (>850°C) magmas. In 
addition, this implies that the well-preserved prismatic, oscillatory-zoned zircons with 
concordant U-Pb ages are definitely of igneous origin, related to the late stages of magma 
cooling and crystallization. 
5.3. Petrogenetic modeling 
5.3.1. Comparison with experimental data 
As shown in major element diagrams (Fig. 8) the rhyolites form a tight compositional 
range, indicating that they probably represent near-liquid compositions. Two contrasting 
possibilities may account for the origin of such high-SiO2 rhyolitic liquids: (i) extreme (and 
most likely low-pressure) fractional crystallization of basaltic liquids; or (ii) low-pressure and 
low-degree partial melting of crustal lithologies. In an attempt to distinguish between those 
two models, and constrain the differentiation processes and the source at the origin of the 
rhyolites, we compared their major element composition with a compilation of experimental 
melts (n = 357) generated in reasonable conditions for the crust (i.e. P <1.5 GPa; T <1200°C) 
and from a wide range of starting materials, including tholeiitic to calc-alkaline basalts and 
andesites (Beard and Lofgren, 1991; Martel et al., 1999; Patiño-Douce and Beard, 1995; Rapp 
and Watson, 1995; Sisson et al., 2005; Tatsumi and Suzuki, 2009; Wolf and Wyllie, 1994), 
granitoids (Bogaerts et al., 2006; Klimm et al., 2003; Qian and Hermann, 2013; Singh and 
Johannes, 1996; Watkins et al., 2007), and sedimentary rocks (Montel and Vielzeuf, 1997; 
Patiño-Douce and Beard, 1996; Patiño-Douce and Harris, 1998; Patiño-Douce and Johnston, 
1991; Pickering and Johnston, 1998; Skjerlie and Johnston, 1996; Vielzeuf and Holloway, 
1988). This database was filtered out to take into account only melts with >70 wt. % SiO2, in 
order to compare with the high-SiO2 rhyolites and related granites. The results of this 
comparison for selected major elements are presented in Figure 13.  
This comparison clearly highlights that the rhyolites have an exotic composition that 
cannot be related to that of the silicic melts found in experiments, regardless they derive by 
partial melting of crustal lithologies, or differentiation of mafic magmas. Indeed, the rhyolites 
are clearly richer in SiO2 than most leucogranitic liquids from various sources, and, at that 
level of silica content, show higher FeOt, MgO and lower Al2O3, CaO contents (Fig. 13). 
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On the other hand, as stated earlier in this article, the supracrustal sequence in which the 
rhyolites are found are spatially (regionally) associated with granitic intrusions (e.g. Boa Sorte 
and Boa Vista granites). It appears that those granites show compositional affinities with the 
rhyolites and, in particular, elevated FeOt, MgO and low Al2O3 contents at a given level of 
SiO2 (Fig. 8-11), indicating that they are certainly co-genetic with them. As described above, 
those granites and the rhyolites define rough linear trends in Harker diagrams that commonly 
intersect the field of experimental liquids. In particular, two samples of the Boa Sorte granite 
(sample TZD-268 with SiO2 ~72.6 wt%) and the Meiras granite (sample WMS-20B with SiO2 
~71.5 wt.%) are the closest to the compositional field of experimental leucogranites in all 
diagrams (Fig. 13). We therefore propose, as a basis for further modelling, that these granites 
represent possible parental compositions to the rhyolites. We selected sample TZD-268 of the 
Boa Sorte granite as that to be used for modelling, because it was investigated for zircon U-Pb 
dating and unequivocally shows the same age, within uncertainty, than the rhyolites (see Fig. 
6). 
We compared the composition of the Boa Sorte granite to that of the experimental 
leucogranites to identify its origin. For this purpose, we used a simple approach in which we 
calculated the sums of squared residuals (ΣR2) between the composition of the Boa Sorte 
granite and those of all experimental melts of our compilation (all compositions being 
normalized to 100%). Most ΣR2 are very high (10–50); even considering only the 
experimental melts yielding ΣR2 <20 (n = 209), the average ΣR2 is 14.7. However, the lowest 
ΣR2 are obtained with the low-pressure (~0.2 GPa) crystallization experiments of a calc-
alkaline andesite from Martel et al. (1999), for which 10 experiments out of 15 yield ΣR² 
between 4 and 10 and always plot close and generally parallel to the granite-rhyolite trend in 
Harker diagrams (Fig. 13). We therefore conclude that the experimental conditions and 
starting materials used by these authors best reproduce the natural conditions at the origin of 
the Boa Sorte granite. Importantly, the starting materials used by Martel et al. (1999) (three 
different calc-alkaline andesites) are very close in composition to that of the Calderon diorite, 
believed to be co-genetic with the granites and rhyolites and indicating that it may represent a 
parental material to the latter. 
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Fig. 13: Harker diagrams (all concentrations in wt%) showing the comparison between major element 
contents of the granite and rhyolites from the Gavião block and those of leucogranitic melts derived 
from experiments of melting or crystallization of various lithologies (references in text). The position 
of sample the Boa Sorte granite (sample TZD-268) is highlighted (see text for details). 
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Those observations lead to two important deductions: 
(1) The rhyolites are probably not derived directly from differentiation of a basaltic / andesitic 
parental composition, or from melting of a crustal source, since they do no match any 
experimental liquid derived from such processes;  
(2) The granites (and especially the Boa Sorte granite), having lower SiO2 contents than the 
rhyolites, may, however, have originated by such processes, and specifically, by 
differentiation of dioritic material similar in composition to the Calderon diorite.  
This necessarily implies a two-step mechanism with (1) derivation of the granites by 
partial melting or crystallization of a dioritic parent (source rock or magma); (2) further 
differentiation of the granitic bulk composition to form the rhyolites. This putative 
petrogenetic model has been further tested using geochemical modelling based on major and 
trace elements. 
5.3.2. Major element modeling 
We used least-square mass balance calculations on major elements to check if the two-
step fractionation model (Calderon diorite, sample TZ-185, → Boa Sorte granite, sample TZ-
268, → MNR and CR rhyolites) was plausible to form the rhyolites. We considered only the 
following major elements: SiO2, Al2O3, FeOt, MgO, CaO, Na2O, K2O and TiO2. Since P2O5 is 
fully controlled by apatite, the amount of fractionating apatite was determined using mass 
balance calculation on P2O5 concentrations alone (Table 1).  
The first step of differentiation, we used the Calderon diorite gneiss as the parent 
composition, and the Boa Sorte granite (sample TZD-268) as the liquid to be modelled. To 
constrain the fractionating phases, we used the phase relationships from the experiments of 
Martel et al. (1999), since both their starting composition and evolved liquids match 
reasonably the chemistry of ours (see §5.3.1). The experiments of Martel et al. (1999) indicate 
that the possible fractionating phases are plagioclase, orthopyroxene, amphibole, ilmenite, 
magnetite and apatite. Biotite was added as a possible fractionating phases, because the 
Calderon diorite gneiss is twice richer in K2O (c. 1.8 wt%) than the starting compositions of 
Martel et al. (1999) (0.9–1.0 wt%), which would enhance biotite stability. Because we do not 
perform any chemical analysis on minerals from the Calderon diorite and Boa Sorte granite, 
we used the average amphibole and pyroxene composition reported by Martel et al. (1999) for 
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calculations. For plagioclase and biotite, we used respectively stoichiometric composition 
(An30) and data from literature (Laurent et al., 2014b); and stoichiometric compositions for 
oxides and apatite. The compositions used in the models yielding the best results are reported 
in Table 1.  
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TiO2 0.55 0.15  




Al2O3 12.36 10.78  




FeOt 3.93 3.00  




MgO 1.19 0.81 
 




CaO 1.73 0.50 
 




Na2O 3.26 3.32  




K2O 3.39 2.77  




      R
2
 =  0.77         
 a
Determined by calculating the amount of fractionating apatite necessary to balance the difference in P2O5 
contents between starting and final compositions.
   
R
2
 is the sum of squared residuals between the calculated liquid and the expected final composition.  
 
Table 1: Results of least-square, mass balance calculations based on major elements. 
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For the first fractionation step (diorite to granite), the model that yields the best results 
(R² = 0.11) corresponds to a solid assemblage dominated by plagioclase (~80%), which is 
very consistent with the results of Martel et al. (1999), with minor amphibole (~10%), biotite 
(~7%), Fe-Ti oxides (~2% with magnetite/ilmenite ratio of 3:1) and apatite (<1%) (Table 1). 
The proportion of liquid (c. 30%) is relatively consistent, yet somewhat lower (40-60%) than 
obtained in experiments from Martel et al. (1999). 
For the second fractionation step, we used the Boa Vista granite as a starting composition 
and the average composition of the rhyolites as the final liquid to be modelled. Because of the 
small differences in the composition of both end-members, the models generally yield higher 
ΣR2. The best case is when the fractionating solid assemblage is dominated by plagioclase 
(~60%) and biotite (~38%) with minor ilmenite and apatite (Table 1). Although acceptable 
(R
2
 = 0.77) the match is not as good as for the first step, especially for CaO, Na2O and K2O 
(Table 1). However, fractionation of plagioclase, biotite and apatite well explains the presence 
of these minerals in close association as small enclaves within the rhyolites (Fig. 4 D-I). In 
addition, the proportion of fractionated minerals is low (~18%; Table 1), and does not exceed 
the limit (~40%) at which segregation of minerals through gravity-driven processes are no 
longer efficient (e.g. Fernandez and Gasquet, 1994), such that the residual rhyolitic liquid 
could have been readily extracted to erupt at the surface. The entire process is moreover 
consistent with the formation of large volumes of rhyolites by segregation of residual melt 
within long-lived, crystallizing mush zones, as described in modern settings in which 
granitoids represent the leftovers of large rhyolitic eruptions (Bachmann and Bergantz, 2004, 
2008). 
5.3.3. Trace element modeling 
The two-step model inferred from experimental constraints and major element modelling 
has been tested using trace element modelling. We used a range of partition coefficients 
(based on the compilation of Laurent et al., 2013) for the models, which are available in table 
S4 of the supplementary material.  
For the first step, we used the same approach as for major elements, considering the trace 
element composition of the Calderon diorite gneiss as representative of the parent material. 
We modelled the trace element signature of liquids formed by either (i) fractional 
crystallization or (ii) partial melting from this parent composition.  
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The Rayleigh equation was used to model fractional crystallization; fractionating phases 
and their proportions were simply derived from major element modelling of the first 
differentiation step (Table 1), with addition of trace amounts of allanite (0.05%) an zircon 
(0.1%) as these minerals, observed in the mineral assemblage of the Calderon diorite gneiss, 
may significantly influence trace element fractionation. Results are presented in Fig. 14a. The 
calculated liquids provide a fairly good match to the composition with the trace element 
pattern of the Boa Sorte granite, supposed to represent the evolved liquid. In particular, they 
well reproduce the troughs in Ba, Sr and Eu observed in the latter, as well as the REE profile, 
with elevated HREE concentrations (Fig. 14a).  
 
Fig. 4: Multi-element diagrams with concentrations normalized to the primitive mantle (McDonough 
and Sun, 1995) showing the results of trace element modelling for the first differentiation step (diorite 
to granite). Two possible mechanisms were considered: (a) fractional crystallization and (b) partial 
melting. The light gray field is bounded by the minimum and maximum compositions calculated using 
the range of partition coefficients presented in Table S4 , and the dark gray pattern is the “best 
estimate” calculated using the (geometric) average of partition coefficients within this range. See text 
for details. 
To model partial melting, we considered that melting of the biotite-rich Calderon 
diorite gneiss (TZ-185) would take place as a non-modal, incongruent melting reaction of the 
form Bt + Plag + Qtz → Amp + Liq., as observed in several experimental studies (Helz, 1976; 
Martel et al., 1999; Sisson et al., 2005) and inferred from geochemical modelling in natural 
systems (Laurent et al., 2013). We used the incongruent melting equation of Hertogen and 
Gijbels (1976), which requires to calculate a modal composition for TZ-185 prior to melting. 
This was performed by least-square, mass balance modelling using the whole rock 
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composition and the mineral compositions presented in Table 1. The resulting composition is: 
plagioclase (64%) + biotite (18%) + quartz (13%) + magnetite (3%) + ilmenite (1%) + apatite 
(1%) (R
2
 = 0.41) to which we added the same trace amounts of allanite and zircon as for 
crystallization models. Experiments of Martel et al. (1999) were used to estimate the phase 
relationships during melting, especially the stoichiometry of the melting equation that is 
considered as 50% Bt + 15% Plag + 35% Qtz → 20% Amp + 80% Liq. The results are 
presented in Figure 14b. Clearly, the match is not as good as for the fractional crystallization 
model (Fig. 14a), especially regarding Sr-Eu concentrations that are too high in the models, 
and HREE concentrations that are too low (Fig. 14b). This results respectively from 
significant contribution of plagioclase to the liquid composition; and the retention of HREE in 
peritectic amphibole.  
For the second differentiation step (granite to rhyolite), we only considered fractional 
crystallization as a possible genetic link between the two. Indeed, there is evidence that the 
two rock types are coeval, and the fact that rhyolites contain enclaves of minerals 
corresponding to the fractionating phases (as constrained by major element modelling) 
supports this possibility. The observed decrease of Th/U ratios in zircons between the Boa 
Sorte granite (~0.7; sample TZD-268) and the rhyolites (<0.5) also supports a crystal 
fractionation model, where zircon co-crystallizes with a phase competing for Th such as 
allanite. The Rayleigh equation was used, and the amount and proportions of fractionating 
phases were deduced from the least-square calculations based on major elements (Table 1). 
Like for the first step, we added trace amounts (0.1%) of zircon and allanite to the 
fractionated solid, to account for the observations mentioned above, as well as the presence of 
these minerals (especially zircon) within the enclaves in the rhyolites. The calculated liquid 
compositions yield a very good fit to the average compositions of the rhyolites (Fig. 15), with 
the exception of Rb and Pb concentrations that are respectively too high and too low in the 
models. Given the high mobility of these two elements, especially regarding the age of the 
samples and their origin (volcanic rocks that were possibly associated with hydrothermal fluid 
circulations), we consider that these discrepancies are minor. 
As a conclusion to this section, geochemical modeling of both major and trace element 
behavior supports that the rhyolites derive from a two-step process: 
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(1) Differentiation of a parent diorite liquid to form a granitic magma, most likely 
through fractional crystallization (Fig. 14); 
(2) Crystallization of the resulting granite magma in relatively shallow (<10 km) 
magma reservoirs (given that the experiments of Martel et al., 1999 that yield the 
better match to our data were performed at ~0.2 GPa) through fractionation of 
plagioclase and minor biotite. The highly silicic residual liquid was segregated 
from this crystal mush and eventually erupted at the surface to form the rhyolites. 
In this scenario, the dacitic microgranular enclaves observed in the rhyolites (Fig. 
4 D-I), which have modal compositions close to that of the required cumulate 
(dominantly plagioclase, with subordinate biotite and accessory zircon and 
apatite), would be co-genetic with them and may represent holocrystalline 
fragments of the crystal mush that was accumulating in the granitic magma 
chamber prior to residual liquid segregation and eruption.  
 
 
Figure 15: Multi-element diagrams with concentrations normalized to the primitive mantle 
(McDonough and Sun, 1995) showing the results of trace element modelling for the second 
differentiation step (granite to rhyolite through fractional crystallization). The light gray field is 
bounded by the minimum and maximum compositions calculated using the range of partition 
coefficients presented in Table S4, and the dark gray pattern is the “best estimate” calculated using the 
(geometric) average of partition coefficients within this range. See text for details. 
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5.4. Hf isotopes systematics 
All 70 zircon analyses show very similar spread of Hf isotopic ratios (Fig. 7). The large 
variations observed in zircon εHf(3.3 Ga) (more than 5 εHf(3.3 Ga) units for each sample) and in 
the crustal residence time (240 to 570 Ma, excluding a single model age of 4.02 Ga) most 
likely reflects heterogeneous Hf isotopic composition of the magma from which zircon 
crystallized. This can result from two (non-exclusive) scenarios: (i) source heterogeneity or 
contribution of several, older crustal sources in genesis of the granite and rhyolites (e.g., 
Belousova et al., 2006; Kemp et al., 2008; Appleby et al., 2010; Villaros et al., 2012; Kröner 
et al., 2013; 2014); and (ii) disequilibrium partial melting of a zircon-bearing source, with 
zircon specifically remaining in the residual phase, which is common during crustal melting 
and able to produce large variations (up to several εHf units) in Hf isotopic compositions of 
the resulting melts (Tang et al., 2014; Gerdes and Zeh, 2009; Laurent and Zeh, 2015). 
The results of geochemical modelling suggest that differentiation of a parent dioritic 
liquid formed a granitic magma, crystallized at relatively shallow (<10 km) reservoirs, where 
the extraction of highly silicic residual liquid (then erupted as rhyolites) took place. This 
model precludes the existence of several, compositionally distinct magma sources to the 
granite and rhyolites, since the latter have a common, single parent of dioritic composition. 
Therefore, the heterogeneous Hf isotopic composition of the rhyolites imply either that (i) the 
dioritic parent had itself an intrinsically heterogeneous Hf isotopic composition; or that (ii) it 
contained abundant zircon that remained in the residual phase during partial melting, which is 
plausible since the Calderon diorite gneiss considered as a possible source of the granitic 
magma presents whole-rock Zr concentration of 480 ppm indicative of significant zircon 
contents (table S3).  
On the other hand, in addition to being scattered, almost all zircon εHf(3.3 Ga) values in the 
rhyolites are negative. In this respect, the two possible differentiation mechanisms of dioritic 
material at the origin of granites and rhyolites, i.e. either partial melting or fractional 
crystallization, have different implications. The case in which the granite and rhyolite were 
formed from fractionation of the dioritic magma is the simplest: it implies that the latter had 
itself a negative, and heterogeneous εHf(3.3 Ga). If partial melting is considered, then it means 
that the diorite may have had a juvenile isotope composition at the time of emplacement and, 
in that case, be much older (>3.5 Ga). In either case, the negative εHf(3.3 Ga) of zircons in the 
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studied rhyolites attest that they contributed to the reworking of older crustal components, 
potentially as old as 3.5 - 4.0 Ga according to the Hf model ages. In fact, no rocks with this 
age range were found so far in the São Francisco Craton and even zircon grains crystallized in 
this time span are scarce. The latter are indeed present as few xenocrysts in the Sete Voltas 
TTG massif (Guitreau et al., 2012) and as a minor population of detrital zircons from the 
supracrustal sequence of the Gavião Block (Paquette et al., 2015; Teles et al., 2015; Zincone 
and Oliveira, 2014 and submitted). 
5.5. Comparison with other magmatic rocks and tectonic setting 
The studied granites and rhyolites have high SiO2 (~77.7 wt. %) and low Na2O (~3.4 wt. 
%; K2O/Na2O ~0.8), Al2O3 (~10.7 wt. %), Sr/Y (~0.7), La/Yb(N) (~4.7), and strong Sr and Eu 
negative anomaly (Sr ~47 ppm; Eu/Eu* ~0.55). These characteristics are completely different 
compared with major and trace element features of the TTG igneous series that are dominant 
in the Archean (e.g. Moyen, 2011; Martin et al., 2014; Condie, 2014), precluding any affinity 
with these rocks. This observation, and the fact that the rhyolites are younger than the 3.40-
3.32 Ga TTG and calk-alkaline magmatism of the Gavião block (Martin et al., 1997; Nutman 
and Cordani, 1993; Santos-Pinto et al., 1998, 2012; Silva et al., 2016; Mougeot, 1996; 
Marchesin, 2015; Zincone, 2016), strikingly contrast with the situation observed in most 
Paleoarchean terranes where the felsic volcanics erupted in the greenstone belts are similar in 
composition to, and coeval with the associated TTG gneisses (Agangi et al., 2015, Sanchez-
Garrido et al., 2011; Benn and Moyen, 2008; Smithies et al., 2007; Moyen et al., 2007; Kohler 
and Anhaeusser, 2002). 
The granite and rhyolites also show no compositional affinity whatsoever with other types 
of Archean granitoids, be it the “sanukitoid” suites, calc-alkaline series, including potassic 
granites, crust-derived granites or hybrid magmas (Fig. 16; see Laurent et al., 2014a and 
references therein).  
Clearly, the granite and rhyolites have a distinctive trace element signature that makes the 
assessment of their tectonic setting even more ambiguous than it normally is for the Archean 
period (e.g. Bédard, 2006; Moyen and Martin, 2012). This exotic geochemistry is well 
illustrated in Fig. 16A-B, showing that they present much higher Y and Yb(N) values, and 
lower Sr/Y and La/Yb, than classical arc magmas (Basalt-Andesite-Dacite-Rhyolite or 
“BADR” suites), post-Archean granitoids, Archean TTGs, and the average crust itself (Fig. 16 
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A-B). On primitive mantle-normalized multi-element diagrams, the granite and rhyolites 
present negative anomalies of Nb-Ta, Sr, and Ti, accompanied by relatively fractionated 
LREE patterns; characteristics that resemble the typical geochemical signature of continental 
arcs (e.g. Pearce, 1982; Fig. 11 and 16 C). However, those negative anomalies, together with 
the very low Sr/Y ratio relative to both continental crust and modern calc-alkaline series, 
rather reflect an extensive differentiation process (melting or fractional crystallization) where 
plagioclase is ubiquitous as the main fractionating phase retaining Sr. These features therefore 
cannot be used to infer the tectonic scenario where melting took place (Moyen, 2011; Moyen 
and Martin, 2012). Similarly, Nb-Ta and Ti anomalies could be typically explained by 
retention of Fe-Ti oxides in the residue, rather than necessarily advocating a subduction 
environment (Willbold et al., 2009). Therefore, the trace element signature of the rhyolites 
only indicates extensive plagioclase fractionation, which most likely results from melt 
segregation at very shallow depths (<10 kbar; Moyen, 2011) and/or depict low H2O activity in 
the system (Beard and Lofgren, 1991; Bogaerts et al., 2006; Tatsumi and Suzuki, 2009). 
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Fig. 16: Binary diagrams comparing the rocks of the volcanic-plutonic system from the Gavião Block 
with those from TTG suites and potassic granites of the calc-alkaline suites (fields from Moyen, 
2011). A and B) exploring the role of La, Yb, Y and Sr; TTG dataset from Martin et al. (1997), 
normalising by condrites (McDonough and Sun, 1995). A) La/Yb(N) vs. Yb(N). B) La/Yb(N) vs. Sr/Y 
(Condie and Kröner, 2013).  C) Nb vs. Ta. D) Eu/Gd vs. K2O/Na2O.   
On the other hand, the rhyolites present a ferroan affinity similar to “A-type” magmas 
and, just like them, elevated HFSE, HREE contents, together with low Al2O3 and CaO   (Frost 
et al. 2001, 2011; Whalen et al., 1987). Moreover, they lie in the fields of within-plate 
granites in tectonic discrimination diagram (Pearce et al., 1984; Harris et al., 1986; Fig. 17 A-
B). In turn, as the rhyolites plot both in within-plate and A-type granite fields, it seems 
reasonable to use the twofold subdivision proposed by Eby (1992) (Fig. 17 C). In his ternary 
Y–Nb–Ce diagram our samples classify as “A2” subtype, suggesting a post-orogenic (rather 
than truly anorogenic) geodynamic setting. 
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Fig. 17: Tectonic setting discrimination diagrams. A) Y+Nb vs Rb (Pearce et al. 1984). The tectonic 
fields were represented by syn-collision (syn-COL), volcanic arc (VA), within-plate (WP),oceanic 
ridge granite (ORG). TTG (dashed line) and potassic granites (grey) fields are from Moyen (2011).  B) 
Nb vs Ga/Al (Whalen et al. 1987). C) Nb-Y-Ce (Eby, 1992). D and E) multi-dimensional 
discrimination diagrams obtained from linear discriminant analysis of natural logarithm-transformed 
ratios of immobile major and trace elements (Verma et al., 2012, 2013). The tectonic fields were 
represented by island arc (IA), continental arc (CA), collision (Col), continental rift (CR) and ocean-
island (OI) combined together as within-plate. 
Although the “A-type”, “within-plate”, “ferroan” affinity of our samples seems to be 
suggested by many lines of evidence, caution must be taken when using tectonic 
discrimination diagrams of this type. Indeed, the compositional fields were determined using 
Phanerozoic granites, and it is still debated to what extent the diagrams can be applied to 
Proterozoic and Archean rocks (Condie, 2015; Moyen and Martin, 2012; Bédard, 2006).  
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Intending to better constrain the uncertainty using tectonic discriminant diagram based on 
three or four elements, we applied a set of multi-dimensional geochemical discrimination 
diagrams obtained from linear discriminant analysis (LDA) of natural logarithm-transformed 
ratios of immobile major and trace elements (Verma et al., 2012, 2013). These multi-
dimensional discriminant-function-based diagrams minimizes the effects of petrogenetic 
processes and maximizes the separation among the different tectonic groups and the 
probability based boundaries further provide a better objective statistical method in 
comparison to the commonly used subjective method of determining the boundaries by eye 
judgment (Verma et al., 2012, 2013). Those diagrams have been used to establish potential 
tectonic settings for Precambrian rocks, including those from Archean (Verma and Verma, 
2013; Verma et al., 2014). Yet the two investigate rhyolite occurrences plot in the combined 
field of continental rift and ocean-island (Fig. 17 D-E), which, in agreement with other 
tectonic discrimination diagrams, must be assigned to an intraplate tectonic settings.  
5.6. Implications for evolution of the Gavião Block  
The possibility of the 3.3 Ga volcanic-plutonic systems is part of intraplate magmatic-
tectonic setting must be evaluated in a regional context. 
The generation of continental lithosphere in the Gavião Block may have started as early as 
4.1-3.9 Ga, as indicated by detrital zircon grains on the Paleoproterozoic Ibitira-Ubiraçaba 
and Contendas-Mirante supracrustal sequences (Paquette et al., 2015; Zincone and Oliveira, 
2014 and submitted) or at least about 3.8 Ga (xenocrysts within the Sete Voltas TTG massif; 
Guitreau et al., 2012; Zincone, 2016). The widespread magmatic activity is mainly 
constrained the time span from 3.42 to 3.32 Ga (Nutman and Cordani, 1993; Martin et al., 
1997; Silva et al. 2015, Barbosa et al., 2013; Guitreau et al., 2012; Zincone, 2016) and is 
represented by different 3.40 – 3.35 Ga TTG massifs (Martin et al., 1997; Nutman and 
Cordani, 1993; Santos-Pinto et al., 1998, 2012; Silva et al., 2016; Mougeot, 1996; Zincone, 
2016) and 3.34-3.33 Ga  calk-alkaline and potassic magmatism (Marchesin, 2015; Zincone, 
2016). The Sete Voltas is so far the oldest massif and the only one that have been investigated 
in detail by combined zircon U-Pb dating, zircon Hf isotopes and whole-rock geochemistry 
(Nutman and Cordani, 1993; Martin et al., 1997; Guitreau et al., 2012; Zincone, 2016). 
Accordingly, the TTGs rocks were interpreted as partial melts of Archean tholeiites, whose 
residues correspond to garnet amphibolite (Martin et al., 1997). The porphyritic granodiorite 
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is interpreted to be generated by hydrated partial melting, at depths between 30 and 45 km, of 
the 3.4 Ga TTGs (Martin et al., 1997). The partial melting of the older TTGs and the 
generation of young granodiorites was interpreted as reflecting crustal thickening by 
mechanisms similar to modern continental collision, (Martin et al., 1997). Concordant grains 
from the Sete Voltas massif yielded crystallization age between 3.43 and 3.37 Ga with εHf(t) 
ranging from +2 to -5.4 (Nutman and Cordani, 1993;  Martin et al., 1997; Guitreau et al., 
2012). Most zircon grains present crystallization age between 3.43 and 3.40 with negative 
εHf(t) of -0.7 to -3. Positive εHf(t) values are exclusively of zircon grains older than 3.42 Ga 
(Fig. 18). 
 
Fig. 18: Composite Hf isotope evolution diagram with all Hf-in-zircon isotope published data from the 
Gavião Block. Data from Teles et al. (2015), Guitreau et al. (2012) and this study (CR black square 
and MNR red square).  
The detrital zircon populations related to the erosion of this continental lithosphere is 
mainly recorded in the Jacobina basin (Teles et al. 2015), the quartzite that surround the felsic 
volcanics (Zincone and Oliveira, 2014 and submitted), and as subordinate peak in the 
Paleoproterozoic foreland basin of the Gavião Block (Fig. 19; Zincone and Oliveira, 2014 and 
submitted; Paquette et al., 2015; Mougeot, 1996). In addition, the abundant 3550-3220 Ga 
detrital zircons in the SiO2-rich metasedimentary rocks record exclusively negative εHf(t) 
values between -0.1 and -7.4 (Fig. 18), corresponding to crustal model ages of 3.84 to 3.52 Ga 
(Teles et al., 2015). It is also worth noting that the Hf isotopic signatures of the rhyolites and 
TTG’s are similar to those of similar age from the Jacobina basin (Teles et al. 2015). Such 
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overlap implies that the rhyolites and TTG rocks of the Gavião block contributed as the main 
sources of detrital zircons and sediments for the SiO2-rich metasedimentary rocks. 
 
Fig. 19: U-Pb LA-ICP-MS age distribution frequency of less than 5% discordant detrital zircon grains 
from metasedimentary rocks associated with the Gavião Block using Kernel density estimation plot 
and data from Teles et al. (2015), Zincone and Oliveira (submited) and Zincone (2016) 
Therefore, two main observations must be addressed about the 3.3 Ga volcanic-plutonic 
systems: 
(i) they emplaced forthwith a period of important crust formation and stabilization, 
represented by scarce 4.1-3.5 Ga remnants (both as detrital zircons and 
xenocrysts), and a major 3.4-3.3 Ga magmatism;  
(ii) they represent the remnants of an eroded system that was much wider originally, 
as reflected by the large population of 3.3 Ga detrital zircons in the nearby 
siliciclastic sequences (Fig. 19). 
So far, the 3.30 Ga volcanic-plutonic systems is the youngest identified magmatic rock 
related to this period of crustal formation and stabilization in the Gavião Block. The growth of 
the Gavião continental lithosphere thus likely culminated in a stable continental plate that 
hosts the 3.30 Ga intraplate volcanic-plutonic systems and increased the potential of 
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preservation over long period of time. Taken together the 3.30 Ga magmatism in the Gavião 
Block reflects preferential preservation associated with crustal thickening and may represent a 
period in which relatively more material was retained in the crust rather than returned 
(recycled) to the mantle, in the sense of  Hawkesworth et al. (2009, 2013).  
The most favorable tectonic model to account for this infers that the volcanic-plutonic 
system was formed during a ‘post-orogenic’ to anorogenic extensional event following the 
gravitational collapse of a newly thickened continental crust. The ‘post-orogenic’ term is used 
here to indicate a stage that occurs after a relative period of continuum crustal growth, and has 
no implication whatsoever whether this took place in a geodynamic setting dominated by 
vertical or horizontal tectonics.  
5.7. Global perspective 
Following the interpretations above, the 3.30 Ga-old volcanic-plutonic system of the 
Gavião block represents intracrustal magmatism of within-plate affinity that follows a burst of 
felsic crust stabilization, in a kind of “post-orogenic” setting. Clearly, this model, together 
with the inherited crustal isotopic signatures attested by Lu-Hf isotopic data, suggest that 
reworking of a felsic protocrust and intracrustal differentiation processes did take place as 
early as 3.30 Ga in Earth's history, while most workers proposed so far that such processes 
began to operate at about 3.2–3.0 Ga or later (e.g. Laurent et al., 2014a and references 
therein). It also stresses out that intraplate magmatism was able to produce high-silica 
rhyolites, emphasizing the importance of intracontinental magmatism in early Earth. It must 
be importantly noted, however, that such intraplate magmatism did not produce TTGs, but 
rather magmas of exotic composition like the granites and rhyolites from the Gavião block, 
and thus questions to some extent the validity of “intraplate” models proposed to explain the 
genesis of TTGs (e.g. Bédard, 2006; Johnson et al., 2013; Zegers and van Keken, 2001).    
We argue that the thickening of continental crust increases total heat production within the 
upper part of the nascent lithosphere, inducing ‘post-orogenic’ to anorogenic thermal pulse 
that generates a wave of crustal anatexis. Crustal melting also advectively concentrate 
radiogenic elements towards the surface, and the upward migration of radiogenic elements 
was followed by cooling of the lower crust and lithospheric mantle, causing further 
strengthening. This mechanism allows for the stabilization of a thick and cool lithosphere 
with low surface heat flow, which characterizes the modern cratons. Our results suggest that 
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such intracrustal differentiation and intracratonic processes could have begun as early as 3.30 
Ga in Earth's history, and may represent an important final stage on the cratonization process.  
6. Conclusions 
The 3.30 Ga rhyolites and granites of the Gavião Block represent the remnants of a vast, 
eroded volcanic-plutonic system evolved at an intracontinental tectonic setting related to 
gravitational collapse of a newly thickened continental crust. Specifically, the rhyolites would 
have derived from extraction and eruption of highly silicic residual liquid formed by 
crystallization of granitic magma in a relatively shallow (<10 km) reservoir. The granite 
formed by melting and differentiation of material similar to the diorite gneiss that occurs 
regionally. The Hf isotopic signature supports that these magmas formed mainly by reworking 





ratios of the rhyolites most indicate that the co-genetic granite was generated by 
disequilibrium partial melting of a dioritic zircon-bearing source. We argue that such 
intraplate magmatism and intracrustal differentiation processes did already take place at 3.3 
Ga; and those produced magmas that were not similar to the more widespread Archean TTGs. 
The 3.30 Ga volcanic-plutonic systems postdate the 3.42-3.32 Ga TTG and calk-alkaline 
magmatism related to the thickening and stabilization of the Gavião lithosphere, respectively, 
and may therefore represent an important final stage on the cratonization process. 
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a. Zircon LA-ICP-MS U-Pb age dating 
Small chips of rhyolites were collected on non-weathered outcrops and then brought to 
comminution by using a jaw crusher and disk mill. Panning and immersion into methylene 
iodide concentrated the heavy minerals.  The diamagnetic zircon grains were separated using 
Frantz magnetic separator adjusted to a slope of 1 degrees, and current values up to 1.5 A. 
More than 70 zircon grains per sample were handpicked under a binocular microscope. The 
grains were mounted in epoxy resin and polished to expose their interiors. The internal 
structures were revealed by cathodoluminescence (CL) imaging using a LEO 430i (Zeiss 
Company) SEM equipped with an Oxford energy dispersive spectroscopy system and a Gatan 
Chroma CL detector.  The images were taken under 15 kV accelerating voltage, working 
distance of 16 mm and probe current between 6 – 10 nA. 
U–Pb ages were measured by laser ablation mass spectrometry using a Thermo Finningan 
Neptune multicollector mass spectrometer attached to a New Wave UP213 Nd-YAG laser (λ 
= 213 nm) at the University of Brasilia and using a Thermo Fisher  Element  XR  sector  field  
ICP-MS  and  a  Photon Machines  Excite 193nm ultra-short  pulse  excimer  laser  ablation  
system  (Analyte Excite WH) with a HelEx 2 volume cel at the Geoscience Institute of 
Campinas University. At the University of Brasília the typical laser settings were a spot size 
of 25μm, a frequency of 11 Hz, and a fluence of approximately 0.8 J/cm2. Argon (approx. 
0.90 L/min) and helium (approx. 0.40 L/min) were used to carry the ablated material from the 
ablation cell to the mass spectrometer. The international zircon GJ-1 (614 Ma; Jackson et al., 
2004) was used in a standard-sample bracketing method, accounting for mass bias, inter-
elemental fractionation and drift correction, and the standard 91500 (1068 Ma; Wiedenbeck et 
al. 1995) as the secondary standard to check the accuracy of the corrections. Ratios were 







Pb were measured with ion counters, while 
238
U was analyzed on a faraday cup. The 
signal of 
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Pb. At the University of Campinas the laser was regulated with a spot 
size of 25μm, a frequency of 10 Hz, and a laser fluence of approximately 4.7 J/cm2. The 
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acquisition protocol adopted was: 30 s of gas blank acquisition followed by the ablation of the 
sample for 45 s in ultrapure He. The international zircon 91500 (Wiedenbeck et al., 1995) was 
used in a standard-sample bracketing method, accounting for mass bias, inter-elemental 





Pb age of 1108 ± 27 Ma for 91500 provides confidence on the data. Only 
ages from a single growth zone and avoiding irregular features such as cracks and inclusions 









U ages. The complete data set of the U-Pb analyses is presented in the online data 
repository Table S1. 
b. Zircon Lu-Hf isotope analyses 
Zircon Hf isotope analysis was performed on a Nu PlasmaHR MC-ICP-MS (Nu Instruments 
Ltd., UK) at the State Key Laboratory of Continental Dynamics at Northwest University, 
Xi’an, China. The GeoLas 200M laser ablation system used consists of Com-Pex102 (193 nm 
ArF excimer laser, Lambda Physik) and optical system (MicroLas). For in situ Lu–Hf isotope 




Hf was corrected by measuring the intensity of the 
interference-free 
175
Lu isotope and the recommended 
176
Lu/
175Lu ratio of 0.02669 was applied 
(De Biévre and Taylor, 1993). Similarly, the interference of 176Yb on 176Hf was corrected by 
measuring 
172




Yb ratio of 0.5886 (Chu et al. 2002). Standard zircons 
91500 and GJ-1 were used as the reference standards for calibration and monitoring the 
condition of analytical instrumentation. The detailed analytical technique was described by 








Hf crustal ratio 
of 0.0113 (Bouvier et al. 2008). The 
176
Lu decay constant of Söderlund et al. (2004) and 
Scherer et al. (2001) were used in the calculation of εHf(t) values. The complete data set is 
presented in the online data repository table S2. 
c. Major and trace element analyses 
Major, minor and trace elements analyses on 20 samples were performed at the Geosciences 
Institute of the University of Campinas – UNICAMP. Major elements were determined on a 
PanAnalytical PW 2404  X-ray fluorescence spectrometer according to the method described 
by Vendemiatto and Enzweiler (2001). Glass disks were prepared by fusing of 1g of pre-
ignited sample with 6g of lithium LiBO2/Li2B4O7 Claisse 50:50 flux, for 15 minutes in Pt-




C in pre-ignited porcelain crucibles for 1.5 hours. The accuracy of results was 
checked by simultaneous analysis of the international standards BRP-1, and relative errors are 
0.4–1.5% for major elements. Minor and trace elements were determined on a Thermo 
(Xseries2) quadrupole inductively coupled plasma mass spectrometer (ICP-MS), after total 
digestion with HF/HNO3 (Paar bombs, 5 days, 200oC), similar to the procedure described by 
Navarro et al. (2008), and instrument conditions similar to Cotta and Enzweiler (2009). 
Quality control was performed by simultaneous analysis of the granite GS-N (Centre de 
Recherches Petrographiques et Geochimiques), and relative errors are less than 10% deviation 
from the recommended values. The complete geochemicall data set is presented in the online 
data repository table S3. 
The international zircon GJ-1 (614 Ma; Jackson et al., 2004) was used in a standard-sample 
bracketing method, accounting for mass bias, inter-elemental fractionation and drift 
correction, and the standard 91500 (1068 Ma; Wiedenbeck et al. 1995) as the secondary 
standard to check the accuracy of the corrections. Ratios were calculated according to the 
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frequency of 10 Hz, and a laser fluence of approximately 4.7 J/cm
2
. The acquisition protocol 
adopted was: 30 s of gas blank acquisition followed by the ablation of the sample for 45 s in 
ultrapure He. The international zircon 91500 (Wiedenbeck et al., 1995) was used in a 
standard-sample bracketing method, accounting for mass bias, inter-elemental fractionation 




Pb age of 1108 ± 27 Ma for 91500 provides confidence on the data. Only ages from a 
single growth zone and avoiding irregular features such as cracks and inclusions were used; 








U ages. The complete data set of the U-Pb analyses is presented in the online data 
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Table 1: Results of U–Pb zircon dating.  
Contendas Rhyolite Ratios  
Ages 
























Pb 2s Conc  
004-Z1 16 30 85 0.35 0.269 0.601 24.654 1.131 0.665 0.9582 0.834 3285 25 3295 11 3300 9 100 
005-Z2 16 30 63 0.47 0.271 0.420 24.591 0.891 0.659 0.7859 0.865 3263 20 3292 9 3310 7 99 
006-Z3 10 18 43 0.43 0.269 1.215 24.969 1.432 0.674 0.7587 0.722 3319 20 3307 14 3299 19 101 
008-Z4B 17 30 70 0.43 0.269 0.502 24.550 0.841 0.662 0.6742 0.766 3275 17 3290 8 3300 8 99 
009-Z5 21 32 64 0.49 0.271 0.634 24.350 0.970 0.651 0.7341 0.723 3234 19 3283 9 3312 10 98 
012-Z6 14 30 85 0.36 0.270 0.575 24.577 0.958 0.660 0.7664 0.773 3268 20 3292 9 3306 9 99 
013-Z7 9 39 93 0.42 0.270 0.582 24.407 0.970 0.655 0.7758 0.774 3248 20 3285 9 3308 9 98 
014-Z8 24 41 76 0.54 0.269 0.550 24.150 1.048 0.650 0.8928 0.836 3230 23 3274 10 3302 9 98 
015-Z8B 8 30 76 0.40 0.270 0.869 24.890 1.174 0.668 0.7896 0.813 3298 20 3304 11 3307 14 100 
016-Z9 10 16 44 0.36 0.270 0.710 24.592 0.999 0.660 0.7026 0.663 3266 18 3292 10 3308 11 99 
017-Z10 13 58 103 0.57 0.269 0.467 25.304 0.809 0.683 0.6606 0.781 3357 17 3320 8 3298 7 102 
018-Z11 10 29 63 0.46 0.268 0.484 25.764 0.896 0.698 0.7546 0.818 3413 20 3338 9 3293 8 104 
019-Z12 11 31 62 0.50 0.271 0.908 25.824 1.282 0.691 0.9053 0.837 3385 24 3340 13 3313 14 102 
022-Z13 12 23 62 0.37 0.267 0.564 24.747 0.979 0.671 0.8007 0.795 3311 21 3298 10 3290 9 101 
023-Z14B 12 11 33 0.35 0.266 0.964 25.159 1.425 0.685 1.0502 0.721 3364 28 3314 14 3285 15 102 
023-Z14N 9 64 119 0.54 0.268 0.504 25.246 0.888 0.684 0.7310 0.796 3359 19 3318 9 3293 8 102 









Contendas Rhyolite Ratios  
Ages 
























Pb 2s Conc  
026-Z16 13 20 37 0.54 0.271 0.848 25.742 1.449 0.688 1.1752 0.801 3375 31 3337 14 3314 13 102 
028-Z18 13 37 68 0.55 0.269 0.436 23.381 1.128 0.629 1.0402 0.916 3146 26 3243 11 3303 7 95 
032-Z19 8 12 32 0.39 0.271 0.600 24.240 1.225 0.648 1.0685 0.863 3220 27 3278 12 3314 9 97 
033-Z20 10 46 89 0.52 0.271 0.578 26.240 1.052 0.703 0.8795 0.819 3433 23 3356 10 3310 9 104 
034-Z21 9 28 60 0.46 0.271 0.473 25.094 0.809 0.671 0.6566 0.774 3308 17 3312 8 3314 7 100 
035-Z22 13 27 64 0.42 0.270 0.862 24.530 1.106 0.659 0.6940 0.778 3264 18 3290 11 3305 14 99 
036-Z23 5 44 83 0.53 0.270 0.423 25.336 0.789 0.681 0.6654 0.812 3348 17 3321 8 3305 7 101 
037-Z24 8 28 52 0.53 0.270 0.519 25.709 1.042 0.689 0.9032 0.853 3380 24 3336 10 3309 8 102 
007-Z4N 10 63 110 0.57 0.270 0.459 24.977 0.821 0.671 0.6808 0.798 3309 18 3307 8 3306 7 100 
039-Z26 8 20 38 0.51 0.269 1.026 24.933 1.358 0.673 0.8896 0.818 3318 23 3306 13 3298 16 101 
043-27 11 47 77 0.61 0.270 0.495 26.105 1.054 0.702 0.9305 0.871 3427 25 3350 10 3305 8 104 
044-Z28 10 44 86 0.51 0.269 0.470 26.051 1.002 0.701 0.8848 0.870 3425 24 3348 10 3303 7 104 
045-Z29 9 17 35 0.48 0.269 1.238 25.533 1.585 0.687 0.9905 0.812 3372 26 3329 15 3303 19 102 
049-Z33 9 9 21 0.40 0.274 1.244 26.490 1.822 0.701 1.3311 0.875 3425 35 3365 18 3329 19 103 
053-Z35 12 14 33 0.41 0.270 0.685 25.055 1.307 0.673 1.1130 0.842 3319 29 3310 13 3305 11 100 
055-Z36 10 15 36 0.42 0.267 1.105 25.044 1.434 0.679 0.9138 0.804 3342 24 3310 14 3291 17 102 
056-Z37 14 34 67 0.50 0.272 0.576 26.397 0.932 0.703 0.7334 0.756 3434 20 3361 9 3319 9 103 






Mundo Novo Rhyolite Ratios  
Ages 
























Pb 2s Conc  
i1-01 18 56 101 0.55 0.265 0.003 23.782 0.223 0.650 0.0053 0.868 3228 21 3260 9 3279 18 101  
i1-02 15 44 86 0.52 0.264 0.003 24.086 0.239 0.661 0.0057 0.866 3271 22 3272 10 3273 19 100  
i1-03 15 42 79 0.53 0.269 0.003 24.157 0.227 0.651 0.0053 0.868 3234 21 3275 9 3300 18 101  
i1-04 23 69 113 0.61 0.271 0.003 24.779 0.238 0.662 0.0056 0.871 3276 22 3300 9 3314 18 100  
i12-26 13 38 77 0.50 0.268 0.003 24.788 0.314 0.671 0.0073 0.859 3310 28 3300 12 3295 20 100  
i12-27 21 63 110 0.57 0.269 0.003 24.259 0.204 0.654 0.0048 0.867 3245 19 3279 8 3301 17 101  
i12-28 31 90 131 0.69 0.267 0.003 24.297 0.191 0.661 0.0045 0.870 3271 17 3280 8 3287 17 100  
i12-29 21 60 106 0.56 0.268 0.003 24.886 0.222 0.673 0.0052 0.866 3316 20 3304 9 3297 18 100  
i12-30 12 35 73 0.48 0.271 0.003 25.173 0.249 0.673 0.0058 0.865 3317 22 3315 10 3315 18 100  
i3-17 16 47 94 0.50 0.268 0.004 23.576 0.393 0.639 0.0091 0.852 3187 36 3251 16 3292 24 101  
i3-18 14 41 81 0.51 0.274 0.003 25.138 0.250 0.665 0.0058 0.870 3288 22 3314 10 3330 18 100  
i3-19 18 57 94 0.60 0.271 0.003 23.840 0.227 0.638 0.0053 0.866 3180 21 3262 9 3313 18 102  
i3-20 21 61 104 0.59 0.272 0.003 24.655 0.228 0.657 0.0053 0.869 3256 21 3295 9 3319 18 101  
i4-14 22 65 111 0.58 0.268 0.003 24.612 0.226 0.667 0.0053 0.870 3293 21 3293 9 3293 18 100  
i4-15 18 53 92 0.58 0.266 0.003 24.503 0.254 0.667 0.0060 0.865 3294 23 3289 10 3286 19 100  
i4-16 20 60 98 0.61 0.274 0.003 25.569 0.310 0.677 0.0071 0.866 3335 27 3330 12 3328 20 100  
i6-05 9 27 61 0.45 0.266 0.003 24.642 0.296 0.671 0.0070 0.861 3311 27 3294 12 3284 20 100  
i6-06 17 50 101 0.49 0.269 0.004 24.507 0.307 0.660 0.0071 0.862 3267 28 3289 12 3302 20 100  
i6-07 20 63 126 0.50 0.265 0.003 22.113 0.199 0.604 0.0047 0.862 3047 19 3189 9 3280 18 103  
i6-09 24 70 114 0.62 0.272 0.003 24.867 0.234 0.664 0.0054 0.871 3283 21 3303 9 3316 18 100  
i7-08 22 66 115 0.57 0.271 0.003 24.795 0.243 0.663 0.0057 0.871 3279 22 3300 10 3313 18 100  
i7-10 18 56 106 0.53 0.267 0.003 23.849 0.223 0.648 0.0053 0.867 3222 21 3262 9 3288 18 101  
i7-11 9 26 63 0.41 0.267 0.004 24.781 0.354 0.673 0.0083 0.858 3318 32 3300 14 3289 21 100  
i7-12 23 69 115 0.60 0.272 0.003 25.200 0.231 0.673 0.0054 0.873 3317 21 3316 9 3316 18 100  
i7-13 26 79 115 0.69 0.269 0.003 24.624 0.246 0.663 0.0058 0.868 3280 22 3293 10 3302 18 100  
i9-21 19 54 92 0.59 0.268 0.003 24.768 0.213 0.672 0.0050 0.870 3313 19 3299 8 3292 18 100  
i9-22 25 73 119 0.61 0.270 0.003 24.694 0.206 0.663 0.0048 0.871 3280 19 3296 8 3306 17 100  
i9-23 20 56 94 0.60 0.268 0.003 24.647 0.221 0.666 0.0052 0.868 3291 20 3294 9 3297 18 100  
i9-24 23 67 106 0.63 0.269 0.003 24.806 0.212 0.670 0.0050 0.869 3307 19 3301 8 3297 18 100  
i9-25 21 57 97 0.59 0.268 0.003 24.445 0.222 0.662 0.0052 0.866 3273 20 3286 9 3295 18 100  
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U 2s Conc. 
TZD199A_1 84 0.019 124 97 97250 26.150 26.150 0.679 0.011 0.629 3363 11 3332 41 3349 13 99 
TZD199A_2 85 0.010 243 112 181650 25.360 25.360 0.650 0.012 0.690 3370 13 3232 46 3317 15 96 
TZD199A_3 86 0.014 179 179 132800 24.980 24.980 0.657 0.013 0.689 3345 14 3254 51 3309 15 97 
TZD199A_4 87 0.006 379 51 289000 25.980 25.980 0.678 0.013 0.632 3366 14 3326 50 3346 15 99 
TZD199A_5 88 0.552 317 266 3386 26.310 26.310 0.676 0.023 0.558 3394 26 3302 87 3343 26 97 
TZD199A_6 89 0.017 146 170 108950 25.380 25.380 0.661 0.011 0.676 3365 11 3263 41 3320 13 97 
TZD199A_7 90 0.020 128 111 95350 26.290 26.290 0.672 0.010 0.664 3361 11 3310 37 3352 12 98 
TZD199A_8 91 0.008 331 97 227100 24.720 24.720 0.665 0.017 0.650 3328 18 3277 63 3295 22 98 
TZD199A_9 92 0.022 123 129 85450 25.740 25.740 0.680 0.016 0.697 3357 17 3344 60 3331 20 100 
TZD199A_10 93 0.016 181 84 119350 25.230 25.230 0.664 0.017 0.618 3355 18 3260 64 3308 19 97 
TZD199A_11 94 0.016 180 204 115600 25.340 25.340 0.676 0.014 0.615 3328 16 3334 53 3314 16 100 
TZD199A_12 95 0.014 217 249 133900 23.090 23.090 0.643 0.011 0.661 3258 14 3188 43 3225 16 98 
TZD199A_13 96 0.014 209 114 133400 25.080 25.080 0.668 0.013 0.607 3330 14 3295 50 3306 15 99 
TZD199A_14 97 0.030 97 83 62500 26.010 26.010 0.683 0.014 0.659 3372 14 3339 52 3340 16 99 
TZD199A_15 98 0.013 250 78 143000 22.860 22.860 0.629 0.014 0.685 3290 15 3133 53 3214 18 95 
TZD199A_16 99 0.013 251 116 146000 25.250 25.250 0.685 0.021 0.676 3353 22 3347 81 3308 24 100 
TZD199A_17 100 0.021 157 187 87950 25.690 25.690 0.670 0.023 0.686 3403 23 3288 89 3337 28 97 
TZD199A_18 101 0.013 260 137 141000 23.720 23.720 0.638 0.017 0.610 3328 22 3171 66 3254 22 95 
TZD199A_19 102 0.022 159 196 86650 22.710 22.710 0.636 0.010 0.635 3247 16 3170 41 3207 17 98 
TZD199A_20 103 0.023 156 212 82600 26.100 26.100 0.674 0.017 0.656 3412 18 3299 63 3343 20 97 
TZD199A_21 104 0.032 104 139 59150 25.050 25.050 0.672 0.009 0.647 3306 9.1 3312 33 3305 11 100 
TZD199A_22 105 0.059 59 51 31600 25.630 25.630 0.683 0.017 0.699 3361 18 3348 63 3328 21 100 
TZD199A_23 106 0.041 85 82 46100 25.900 25.900 0.692 0.016 0.662 3340 18 3376 62 3343 18 101 
TZD199A_24 107 0.067 57 45 27850 23.390 23.390 0.623 0.012 0.664 3331 14 3111 49 3232 17 93 
TZD199A_25 108 0.032 114 50 58750 24.700 24.700 0.662 0.012 0.657 3324 14 3265 47 3292 17 98 
TZD199A_26 109 0.030 129 159 61800 23.740 23.740 0.669 0.014 0.678 3245 15 3291 54 3251 18 101 
TZD199A_27 110 0.010 818 36 182000 6.020 6.020 0.299 0.007 0.806 2266 33 1685 32 1956 31 74 
TZD199A_28 111 0.030 134 76 62050 24.580 24.580 0.648 0.012 0.551 3336 16 3210 47 3293 15 96 
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U 2s Conc. 
TZD199A_29 112 0.026 152 84 73100 26.900 26.900 0.700 0.011 0.598 3339 12 3416 42 3379 13 102 
TZD199A_30 113 0.016 261 139 118500 23.350 23.350 0.663 0.009 0.584 3204 13 3274 34 3243 13 102 
TZD199A_31 114 0.056 75 97 33150 24.280 24.280 0.652 0.016 0.602 3319 19 3226 61 3271 20 97 
TZD199A_32 115 0.020 269 69 94400 17.220 17.220 0.505 0.009 0.719 3156 18 2631 37 2947 21 83 
TZD199A_33 116 0.039 104 82 47700 25.770 25.770 0.676 0.013 0.636 3325 14 3322 49 3329 16 100 
TZD199A_34 117 0.055 74 74 34300 24.870 24.870 0.671 0.013 0.647 3279 15 3299 50 3301 18 101 
TZD199A_35 118 0.037 137 132 50800 22.390 22.390 0.591 0.012 0.632 3325 15 2995 47 3201 15 90 
TZD199A_36 119 0.034 125 96 54450 25.480 25.480 0.680 0.018 0.581 3328 19 3324 67 3329 22 100 
TZD199A_37 120 0.012 368 81 154000 23.840 23.840 0.647 0.019 0.687 3310 19 3211 72 3262 22 97 
TZD199A_38 121 0.025 171 179 74700 26.130 26.130 0.680 0.017 0.670 3333 22 3344 63 3347 22 100 
TZD199A_39 122 0.027 163 122 68500 26.130 26.130 0.672 0.021 0.603 3363 22 3312 79 3347 25 98 
TZD199A_40 123 0.029 154 171 65100 24.360 24.360 0.673 0.020 0.621 3256 27 3303 75 3281 27 101 
TZD268_1 57 0.036 66 57 52550 25.350 0.400 0.677 0.012 0.621 3298 14 3322 44 3319 15 101 
TZD268_4 61 0.035 64 71 54200 24.720 0.490 0.667 0.015 0.648 3344 16 3295 59 3295 19 99 
TZD268_5 62 0.016 141 92 114500 23.460 0.460 0.655 0.015 0.679 3221 17 3242 56 3242 19 101 
TZD268_6 63 0.063 35 21 29600 25.340 0.410 0.693 0.013 0.565 3295 16 3382 50 3323 16 103 
TZD268_7 64 0.012 193 145 157500 25.150 0.350 0.680 0.010 0.616 3299 12 3347 39 3313 13 101 
TZD268_8 65 0.021 110 70 88900 26.060 0.640 0.688 0.019 0.704 3281 20 3357 71 3347 24 102 
TZD268_9 66 0.038 59 35 49350 25.630 0.400 0.676 0.011 0.618 3334 13 3327 44 3329 15 100 
TZD268_10 67 0.020 108 72 93100 24.750 0.370 0.668 0.012 0.660 3317 14 3316 48 3302 15 100 
TZD268_11 68 0.016 146 93 119650 24.400 0.350 0.663 0.011 0.666 3287 13 3284 41 3280 14 100 
TZD268_12 72 0.013 177 151 148500 25.100 0.460 0.665 0.012 0.652 3315 14 3282 46 3310 18 99 
TZD268_13 73 0.021 105 54 88750 24.150 0.400 0.660 0.012 0.679 3277 14 3260 48 3275 16 99 
TZD268_14 74 0.037 71 42 50850 20.500 0.360 0.591 0.011 0.678 3217 14 2980 46 3114 16 93 
TZD268_15 76 0.024 89 65 76700 23.920 0.400 0.660 0.012 0.707 3303 13 3262 46 3266 17 99 
TZD268_16 77 0.029 73 51 64000 24.220 0.450 0.664 0.013 0.611 3288 17 3277 52 3274 18 100 
TZD268_17 78 0.032 68 47 58350 23.860 0.380 0.661 0.012 0.652 3281 14 3260 46 3263 15 99 
TZD268_18 79 0.048 46 33 38850 23.710 0.520 0.645 0.015 0.708 3297 16 3194 60 3253 21 97 
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U 2s Conc. 
TZD268_19 80 0.016 133 118 118550 25.240 0.390 0.683 0.012 0.608 3312 15 3344 47 3314 15 101 
TZD268_20 81 0.032 67 34 57650 23.280 0.430 0.645 0.014 0.670 3234 16 3200 55 3234 18 99 
TZD268_22 84 0.020 110 67 95150 24.690 0.340 0.665 0.010 0.637 3314 12 3289 41 3294 13 99 
TZD268_23 85 0.011 199 150 176500 25.060 0.320 0.671 0.010 0.673 3313 10 3307 36 3308 12 100 
TZD268_24 86 0.036 60 40 52150 24.620 0.360 0.676 0.011 0.620 3276 13 3323 41 3292 15 101 
TZD268_25 87 0.023 100 72 82900 24.310 0.470 0.653 0.013 0.691 3281 15 3237 49 3287 19 99 
TZD268_26 88 0.023 100 69 82200 25.150 0.480 0.663 0.015 0.582 3324 21 3274 59 3321 18 98 
TZD268_27 89 0.022 98 99 84500 24.700 0.330 0.668 0.009 0.625 3301 11 3290 35 3292 13 100 
TZD268_28 90 0.127 18 20 14715 24.010 0.420 0.646 0.014 0.570 3342 18 3202 54 3264 18 96 
TZD268_29 91 0.022 100 51 86600 24.760 0.320 0.673 0.010 0.593 3299 11 3311 40 3299 13 100 
TZD268_30 93 0.017 133 86 107500 23.940 0.320 0.642 0.010 0.592 3309 12 3185 37 3265 13 96 
TZD268_31 94 0.014 157 146 135500 24.990 0.370 0.676 0.011 0.617 3303 14 3318 42 3306 14 100 
TZD268_32 95 0.031 72 41 60800 24.170 0.350 0.652 0.010 0.620 3308 12 3234 40 3275 14 98 
TZD268_33 96 0.069 32 19 27200 25.110 0.450 0.662 0.012 0.608 3346 16 3264 48 3305 17 98 
TZD268_34 97 0.018 131 125 102850 24.800 0.350 0.665 0.011 0.639 3307 13 3276 41 3296 14 99 
TZD268_35 98 0.035 66 38 53400 24.250 0.370 0.670 0.011 0.650 3280 13 3304 44 3280 15 101 
TZD268_36 99 0.030 81 50 61600 23.730 0.350 0.651 0.011 0.626 3274 13 3230 43 3254 15 99 
TZD268_37 100 0.026 98 59 72500 22.690 0.320 0.621 0.009 0.653 3276 12 3109 37 3210 14 95 
TZD268_38 101 0.023 103 64 80300 24.680 0.350 0.671 0.010 0.670 3285 11 3310 40 3291 14 101 
TZD268_39 102 0.021 107 75 87150 24.690 0.370 0.691 0.012 0.647 3273 13 3373 45 3296 15 103 
TZD268_40 103 0.030 81 59 62000 23.290 0.370 0.652 0.011 0.648 3265 15 3234 43 3233 15 99 
TZD268_41 106 0.018 128 73 101350 24.460 0.330 0.666 0.010 0.639 3284 11 3288 37 3283 13 100 
TZD268_42 107 0.021 107 75 89150 24.560 0.360 0.660 0.011 0.640 3310 12 3262 44 3289 15 99 
TZD268_44 109 0.025 93 67 75950 22.920 0.370 0.650 0.011 0.614 3241 13 3220 44 3219 16 99 
TZD268_45 110 0.026 84 66 71300 24.160 0.300 0.663 0.009 0.572 3285 12 3279 34 3275 12 100 
TZD268_46 111 0.023 92.3 62.4 80000 25.210 0.370 0.689 0.012 0.605 3295 12 3370 44 3316 14 102 
Table 2: Results of Hf-in-zircon isotopes 
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Hf (t) eHf(0) eHf(3.3) eHf(t) ±2SE  TDM(Ga) 
TZD12-31-01 3300 0.28069  0.000011  0.001642  0.000008  0.049049  0.000232  0.28058  -74 -2.49 -2.48 0.399577 3.68 
TZD12-31-02 3310 0.28064  0.000010  0.000959  0.000001  0.028654  0.000050  0.28058  -76 -2.46 -2.23 0.355012 3.68 
TZD12-31-03 3299 0.28068  0.000010  0.001162  0.000001  0.034918  0.000021  0.28060  -75 -1.72 -1.74 0.368393 3.65 
TZD12-31-04 3300 0.28060  0.000011  0.000942  0.000002  0.027815  0.000097  0.28054  -77 -3.87 -3.87 0.399538 3.75 
TZD12-31-05 3312 0.28069  0.000010  0.000918  0.000001  0.027219  0.000043  0.28063  -74 -0.88 -0.60 0.347409 3.60 
TZD12-31-06 3306 0.28055  0.000010  0.001177  0.000002  0.035199  0.000029  0.28048  -79 -6.16 -6.03 0.370492 3.87 
TZD12-31-07 3308 0.28067  0.000010  0.001173  0.000001  0.035143  0.000062  0.28060  -75 -1.90 -1.73 0.340466 3.65 
TZD12-31-08 3302 0.28065  0.000009  0.000874  0.000004  0.025806  0.000150  0.28060  -75 -1.87 -1.82 0.326782 3.65 
TZD12-31-09 3307 0.28059  0.000010  0.000865  0.000002  0.025332  0.000059  0.28054  -78 -4.08 -3.91 0.340395 3.76 
TZD12-31-10 3308 0.28068  0.000011  0.001344  0.000002  0.040180  0.000059  0.28059  -75 -2.16 -1.98 0.382995 3.67 
TZD12-31-11 3298 0.28068  0.000010  0.001050  0.000002  0.031520  0.000083  0.28061  -75 -1.49 -1.54 0.350207 3.63 
TZD12-31-12 3293 0.28069  0.000009  0.001195  0.000005  0.035727  0.000170  0.28061  -74 -1.41 -1.57 0.314288 3.63 
TZD12-31-13 3313 0.28067  0.000012  0.000980  0.000000  0.028928  0.000011  0.28060  -75 -1.70 -1.40 0.428029 3.64 
TZD12-31-14 3290 0.28073  0.000011  0.002396  0.000005  0.074509  0.000125  0.28058  -73 -2.62 -2.83 0.402501 3.69 
TZD12-31-15 3285 0.28071  0.000010  0.001398  0.000004  0.042212  0.000108  0.28062  -73 -1.22 -1.57 0.369689 3.62 
TZD12-31-15 3293 0.28071  0.000010  0.001398  0.000004  0.042212  0.000108  0.28062  -73 -1.22 -1.38 0.369689 3.62 
TZD12-31-16 3293 0.28066  0.000011  0.001974  0.000005  0.059224  0.000191  0.28053  -75 -4.22 -4.37 0.407630 3.77 
TZD12-31-17 3314 0.28064  0.000010  0.001322  0.000001  0.039616  0.000072  0.28055  -76 -3.43 -3.12 0.364649 3.73 
TZD12-31-18 3303 0.28062  0.000011  0.001689  0.000015  0.049734  0.000444  0.28051  -77 -5.04 -4.97 0.400074 3.81 
TZD12-31-19 3314 0.28058  0.000014  0.000939  0.000001  0.026943  0.000033  0.28052  -78 -4.64 -4.32 0.493599 3.79 
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Hf (t) eHf(0) eHf(3.3) eHf(t) ±2SE  TDM(Ga) 
TZD12-31-21 3314 0.28073  0.000012  0.001062  0.000002  0.031453  0.000051  0.28066  -73 0.25 0.57 0.426753 3.55 
TZD12-31-22 3305 0.28051  0.000011  0.001775  0.000005  0.054634  0.000193  0.28039  -80 -9.12 -9.00 0.392661 4.02 
TZD12-31-23 3305 0.28061  0.000013  0.002115  0.000002  0.065150  0.000052  0.28047  -77 -6.41 -6.29 0.454615 3.88 
TZD12-31-24 3309 0.28067  0.000013  0.001331  0.000004  0.040354  0.000123  0.28058  -75 -2.33 -2.12 0.468676 3.68 
TZD12-31-25 3306 0.28068  0.000013  0.001899  0.000007  0.058298  0.000229  0.28055  -75 -3.51 -3.37 0.468302 3.74 
TZD12-31-26 3298 0.28068  0.000011  0.001234  0.000001  0.035812  0.000025  0.28059  -75 -1.97 -2.00 0.402944 3.66 
TZD12-31-27 3305 0.28061  0.000012  0.001102  0.000002  0.032464  0.000054  0.28053  -77 -4.13 -4.02 0.440295 3.77 
TZD12-31-28 3303 0.28054  0.000011  0.001087  0.000001  0.032786  0.000063  0.28047  -79 -6.44 -6.38 0.374241 3.88 
TZD12-31-29 3303 0.28065  0.000012  0.001007  0.000005  0.030184  0.000149  0.28058  -75 -2.34 -2.27 0.426411 3.68 
TZD12-31-30 3291 0.28075  0.000014  0.002071  0.000010  0.063487  0.000368  0.28061  -72 -1.30 -1.50 0.487988 3.62 
TZD12-31-31 3287 0.28071  0.000009  0.001576  0.000001  0.048225  0.000048  0.28060  -73 -1.62 -1.91 0.320383 3.64 
TZD12-31-32 3303 0.28057  0.000011  0.001631  0.000008  0.050240  0.000214  0.28046  -78 -6.65 -6.57 0.379815 3.89 
TZD12-31-33 3329 0.28067  0.000011  0.000927  0.000000  0.027818  0.000034  0.28061  -75 -1.58 -0.91 0.407623 3.64 
TZD12-31-34 3309 0.28063  0.000011  0.001001  0.000001  0.029853  0.000029  0.28057  -76 -2.90 -2.69 0.374486 3.70 
TZD12-31-35 3305 0.28067  0.000012  0.001120  0.000001  0.033670  0.000047  0.28059  -75 -2.05 -1.94 0.426801 3.66 
TZD12-31-36 3291 0.28064  0.000011  0.001168  0.000001  0.034166  0.000022  0.28056  -76 -3.25 -3.46 0.401208 3.72 
TZD12-31-37 3319 0.28058  0.000014  0.001678  0.000007  0.049552  0.000233  0.28047  -78 -6.36 -5.95 0.482234 3.88 
TZD12-31-38 3304 0.28074  0.000013  0.001208  0.000006  0.036471  0.000223  0.28066  -72 0.35 0.44 0.462238 3.54 





Mundo Novo Rhyolite Present day ratios Initial Ratios   
















Hf (t) eHf(0) eHf(3.3) eHf(t) ±2SE  TDM(Ga) 
PO119-01 3279 0.28056  0.000011  0.000886  0.000001  0.030410  0.000010  0.28050  -79 -5.28 -5.76 0.375696 3.82 
PO119-02 3273 0.28058  0.000010  0.000847  0.000002  0.029196  0.000024  0.28053  -78 -4.29 -4.92 0.363400 3.78 
PO119-03 3300 0.28072  0.000010  0.001234  0.000008  0.042418  0.000315  0.28064  -73 -0.25 -0.25 0.359047 3.57 
PO119-04 3314 0.28068  0.000010  0.000954  0.000000  0.032706  0.000029  0.28062  -74 -1.08 -0.75 0.353769 3.61 
PO119-05 3295 0.28057  0.000010  0.001287  0.000001  0.045366  0.000064  0.28049  -78 -5.77 -5.90 0.367878 3.85 
PO119-06 3301 0.28058  0.000010  0.001457  0.000002  0.050747  0.000102  0.28048  -78 -5.94 -5.93 0.372785 3.86 
PO119-07 3287 0.28067  0.000011  0.000966  0.000000  0.033059  0.000032  0.28061  -75 -1.56 -1.86 0.383785 3.64 
PO119-08 3297 0.28070  0.000010  0.001187  0.000016  0.041497  0.000653  0.28062  -74 -0.89 -0.96 0.345960 3.60 
PO119-08 3315 0.28065  0.000009  0.001290  0.000001  0.043722  0.000020  0.28057  -75 -2.84 -2.51 0.336807 3.70 
PO119-10 3292 0.28065  0.000010  0.001178  0.000001  0.040177  0.000024  0.28057  -76 -2.76 -2.96 0.355635 3.70 
PO119-11 3330 0.28063  0.000008  0.000852  0.000004  0.028462  0.000104  0.28058  -76 -2.56 -1.87 0.299963 3.69 
PO119-12 3313 0.28060  0.000009  0.001070  0.000002  0.036372  0.000128  0.28053  -77 -4.12 -3.82 0.302887 3.77 
PO119-13 3319 0.28061  0.000008  0.000908  0.000001  0.030614  0.000024  0.28055  -77 -3.64 -3.20 0.291891 3.74 
PO119-14 3293 0.28068  0.000008  0.001520  0.000012  0.052454  0.000489  0.28058  -75 -2.57 -2.73 0.279414 3.69 
PO119-15 3286 0.28070  0.000011  0.001637  0.000015  0.060590  0.000628  0.28060  -74 -1.89 -2.21 0.384067 3.65 
PO119-16 3328 0.28064  0.000011  0.001869  0.000007  0.071191  0.000295  0.28052  -76 -4.64 -4.02 0.385769 3.79 
PO119-17 3284 0.28063  0.000008  0.001439  0.000007  0.054606  0.000280  0.28054  -76 -3.93 -4.30 0.284488 3.76 
PO119-18 3302 0.28065  0.000009  0.002267  0.000005  0.085770  0.000278  0.28050  -75 -5.21 -5.16 0.336589 3.82 
PO119-19 3280 0.28059  0.000010  0.001776  0.000001  0.067649  0.000091  0.28047  -78 -6.26 -6.72 0.356291 3.87 
PO119-20 3316 0.28074  0.000010  0.001809  0.000006  0.068324  0.000302  0.28062  -72 -1.16 -0.81 0.358016 3.62 
PO119-21 3313 0.28072  0.000011  0.001806  0.000005  0.062305  0.000206  0.28061  -73 -1.59 -1.29 0.395524 3.64 
PO119-22 3288 0.28068  0.000010  0.001820  0.000013  0.068700  0.000519  0.28056  -74 -3.17 -3.45 0.340227 3.72 
PO119-23 3289 0.28064  0.000010  0.001812  0.000007  0.068159  0.000282  0.28052  -76 -4.70 -4.95 0.338928 3.80 
PO119-24 3316 0.28064  0.000010  0.001766  0.000009  0.062316  0.000243  0.28052  -76 -4.63 -4.27 0.366430 3.79 
PO119-25 3302 0.28069  0.000011  0.001953  0.000011  0.068599  0.000412  0.28056  -74 -3.08 -3.04 0.399213 3.71 
PO119-26 3292 0.28071  0.000010  0.001909  0.000003  0.073662  0.000201  0.28059  -73 -2.25 -2.44 0.366145 3.67 
PO119-27 3306 0.28064  0.000008  0.001195  0.000002  0.041600  0.000112  0.28056  -76 -3.08 -2.93 0.301087 3.71 
PO119-28 3297 0.28069  0.000010  0.001038  0.000001  0.036403  0.000016  0.28063  -74 -0.84 -0.91 0.351544 3.60 
PO119-29 3297 0.28063  0.000011  0.001792  0.000001  0.072843  0.000215  0.28051  -76 -4.82 -4.88 0.390575 3.80 
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Table 3: Results of whole-roch geochemical data. 
 
Contendas Rhyolite 
Sample TZD1231D TZD14127C TZD1431F TZD1231A TZD1231B TZD14127D TZD13127B TZD13127A TZD1231C TZD1331E 
SiO2 78.17 77.81 77.75 77.63 77.58 77.55 77.49 77.40 77.19 76.54 
TiO2 0.14 0.15 0.14 0.16 0.16 0.14 0.16 0.16 0.16 0.14 
Al2O3 10.08 10.80 10.69 10.54 10.60 10.74 10.79 10.63 10.68 10.38 
Fe2O3 2.64 2.92 2.89 3.03 2.74 3.11 2.87 3.03 2.82 3.22 
MnO 0.04 0.03 0.04 0.04 0.04 0.05 0.04 0.03 0.05 0.05 
MgO 0.46 0.36 0.51 0.43 0.50 0.58 0.68 0.45 0.74 0.42 
CaO 0.69 0.39 0.80 0.72 0.75 1.11 0.42 0.82 0.40 1.04 
Na2O 3.29 3.54 3.40 3.53 3.52 3.37 4.25 3.31 3.10 3.71 
K2O 2.76 3.51 2.88 2.87 2.78 2.44 2.22 2.70 3.57 2.85 
P2O5 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 
LOI 1.05 0.53 0.97 0.90 0.99 1.05 0.59 1.12 0.63 1.10 
Total 99.30 100.10 100.10 99.90 99.70 100.20 99.50 99.70 99.30 99.50 
Fe2O3* 0.85 0.89 0.85 0.88 0.85 0.84 0.81 0.87 0.79 0.88 
A/CNK 1.04 1.05 1.05 1.03 1.04 1.05 1.06 1.08 1.10 0.94 
Cs 0.36 0.20 0.56 0.61 0.51 0.94 0.41 1.04 0.68 0.87 
Rb 26.98 55.49 41.52 39.72 30.85 51.81 26.94 40.31 35.10 34.34 
Ba 631.70 661.78 638.07 601.93 619.68 556.25 423.25 539.06 755.53 609.38 
Sr 51.64 49.30 49.31 48.18 49.86 69.91 46.73 65.77 37.13 56.05 
Nb 16.50 16.80 17.03 17.79 17.70 16.89 17.90 17.91 18.36 17.58 
Sn 3.12 3.32 1.75 2.34 1.72 3.01 1.51 2.84 1.59 1.83 
Zr 370.54 337.79 350.92 394.60 404.11 335.78 406.12 405.42 404.24 398.14 
Y 61.39 64.57 64.39 67.45 59.80 65.95 69.42 66.51 52.75 65.30 
La 48.97 63.38 46.83 51.35 46.49 52.59 120.66 53.61 46.80 47.75 
Ce 95.36 110.53 80.40 103.35 94.41 98.02 121.05 103.21 100.88 90.51 
Pr 12.00 14.39 11.48 12.63 11.58 12.54 24.87 13.25 11.56 11.52 
Nd 46.12 54.94 44.58 48.09 44.92 48.66 92.69 50.53 43.99 44.88 
Sm 9.74 11.09 9.52 10.13 9.53 10.40 16.40 10.43 9.33 9.53 





Sample TZD1231D TZD14127C TZD1431F TZD1231A TZD1231B TZD14127D TZD13127B TZD13127A TZD1231C TZD1331E 
Gd 9.76 11.30 9.79 10.14 9.50 10.87 13.72 10.52 8.73 9.56 
Tb 1.61 1.80 1.72 1.72 1.57 1.82 2.03 1.77 1.42 1.66 
Dy 10.39 11.18 10.90 10.98 10.15 11.31 12.00 11.27 9.00 10.34 
Ho 2.22 2.43 2.42 2.43 2.16 2.46 2.46 2.39 1.92 2.26 
Er 6.41 7.09 7.19 6.94 6.34 7.19 7.08 7.03 5.69 6.45 
Tm 0.91 1.07 1.10 1.01 0.90 1.09 1.02 0.98 0.83 0.91 
Yb 6.35 6.93 7.15 7.00 6.49 7.08 7.00 6.94 5.86 6.45 
Lu 0.94 1.04 1.07 1.00 0.96 1.07 1.03 1.02 0.89 0.92 
Hf 8.95 9.61 9.97 9.47 9.58 9.60 9.72 9.65 9.62 9.57 
Ta 1.62 1.30 1.34 1.73 1.46 1.28 1.73 1.75 1.77 1.73 
Th 9.42 11.13 9.31 9.96 9.11 10.54 9.82 9.99 8.61 8.97 
U 1.89 2.48 1.96 2.08 2.06 2.04 2.18 2.13 1.78 1.57 
Pb 6.13 9.32 8.01 7.14 7.19 7.44 5.14 7.94 7.95 6.65 
W 0.50 0.43 0.46 0.39 0.49 0.16 0.25 0.24 0.26 0.40 
Li 13.20 5.07 11.99 19.18 9.88 14.57 9.09 13.49 13.96 14.71 
Be 2.41 1.33 2.68 2.34 2.79 2.37 2.41 2.17 2.03 2.50 
Sc 1.90 1.90 1.92 2.00 2.45 1.95 2.02 2.29 1.96 1.72 
V 1.20 4.60 3.40 1.10 0.94 3.60 1.04 1.04 1.12 0.87 
Cr 4.60 16.56 13.26 10.22 13.41 15.72 8.63 12.80 9.22 17.66 
Co 0.27 0.24 0.12 0.20 0.35 0.19 0.27 0.23 0.30 0.24 
Ni 0.83     0.33 0.78   0.44 0.49 0.36 0.64 
Cu 1.42 2.09 1.60 0.77 3.28 2.20 0.37 0.95 0.85 0.88 
Zn 56.01 40.41 49.57 73.00 67.34 62.28 49.61 71.35 104.38 68.95 
Ga 21.28 19.87 21.11 22.72 21.70 21.69 23.30 23.09 21.96 22.50 
Bi 0.04 0.02 0.09 0.03 0.05 0.10 0.03 0.05 0.08 0.06 
Cd   0.16 0.01 0.03 0.02 0.03 0.05 0.02 0.04 0.04 
Mo 2.00 0.48 1.17 0.86 1.02 0.90 0.45 0.29 0.55 1.41 
Eu/Eu* 0.55 0.55 0.56 0.56 0.55 0.55 0.51 0.54 0.55 0.55 




Mundo Novo Rhyolite 
Sample TZD14277B DBDr1375B TZD14277A TZD14276B TZD14276A TZD14276C DBDr1375A TZD14275B TZD14275A DBDr1375C 
SiO2 79.35 78.85 78.80 78.21 78.18 78.10 77.93 77.75 74.87 73.97 
TiO2 0.14 0.15 0.14 0.14 0.15 0.14 0.15 0.15 0.54 0.16 
Al2O3 10.24 10.76 10.70 10.97 10.84 10.79 10.95 11.16 12.46 12.92 
Fe2O3 2.82 2.85 3.03 2.96 3.15 3.19 3.17 2.95 3.11 4.11 
MnO 0.02 0.02 0.02 0.01 0.02 0.02 0.03 0.02 0.05 0.02 
MgO 1.45 1.08 1.04 1.08 1.02 1.46 1.47 0.51 1.03 1.05 
CaO 0.11 0.16 0.18 0.18 0.19 0.18 0.17 0.45 0.61 0.21 
Na2O 2.62 2.61 3.37 3.22 3.09 3.16 3.16 3.92 4.80 3.95 
K2O 2.43 2.61 2.22 2.68 2.83 2.20 2.39 2.89 2.19 2.82 
P2O5 0.02 0.03 0.02 0.02 0.02 0.02 0.03 0.02 0.09 0.03 
LOI 0.85 0.87 0.64 0.65 0.67 0.94 0.73 0.35 0.37 0.73 
Total 100.00 100.00 100.10 100.10 100.20 100.20 100.20 100.20 100.10 100.00 
Fe2O3* 0.66 0.73 0.74 0.73 0.76 0.69 0.68 0.85 0.75 0.80 
A/CNK 1.43 1.45 1.29 1.29 1.28 1.36 1.35 1.07 1.10 1.30 
Cs 1.76 1.16 1.08 1.04 0.60 1.55 1.20 0.27 0.28 1.59 
Rb 49.78 27.13 37.65 44.17 46.28 34.61 20.35 31.85 33.69 20.72 
Ba 498.52 567.53 474.77 536.61 581.01 451.99 512.32 603.17 598.67 631.87 
Sr 31.00 22.94 34.76 37.50 35.16 27.64 21.75 63.86 70.23 25.49 
Nb 16.34 18.24 16.96 17.83 17.58 16.04 17.81 15.76 18.85 19.50 
Sn 2.97 2.95 3.21 2.74 3.33 3.34 2.94 2.58 6.11 2.91 
Zr 330.42 395.31 320.33 344.92 351.69 319.71 380.25 316.88 459.22 496.88 
Y 63.05 61.42 64.71 64.48 71.26 62.97 44.83 54.63 50.52 54.68 
La 56.18 58.55 56.14 55.96 47.28 50.88 43.75 44.62 81.64 54.43 
Ce 117.64 120.32 112.58 113.62 96.90 102.00 89.31 91.99 160.53 106.78 
Pr 13.59 14.28 13.44 13.55 11.63 12.42 10.66 11.24 18.71 13.07 
Nd 51.25 54.04 51.14 52.41 44.91 47.32 40.58 42.72 66.63 50.50 
Sm 10.86 10.91 10.63 10.88 9.63 10.40 7.87 9.13 11.44 10.36 




Mundo Novo Rhyolite 
Sample TZD14277B DBDr1375B TZD14277A TZD14276B TZD14276A TZD14276C DBDr1375A TZD14275B TZD14275A DBDr1375C 
Gd 10.53 10.10 10.83 10.96 10.66 10.53 7.51 8.94 9.91 9.70 
Tb 1.72 1.60 1.80 1.81 1.86 1.83 1.20 1.57 1.53 1.56 
Dy 10.83 9.86 11.19 11.21 12.03 11.92 7.62 10.26 9.30 9.58 
Ho 2.34 2.12 2.40 2.42 2.64 2.53 1.64 2.22 1.96 2.04 
Er 6.94 6.14 7.09 7.13 7.81 7.56 4.82 6.62 5.66 5.75 
Tm 1.05 0.90 1.05 1.08 1.18 1.15 0.71 1.02 0.86 0.81 
Yb 6.76 6.16 6.82 6.97 7.66 7.38 4.84 6.86 5.75 5.66 
Lu 1.03 0.92 1.04 1.06 1.14 1.11 0.72 1.03 0.88 0.83 
Hf 9.42 9.42 9.12 9.88 9.87 9.81 9.18 10.00 12.58 11.69 
Ta 1.33 1.79 1.33 1.36 1.35 1.38 1.67 1.41 1.31 2.02 
Th 11.23 10.24 10.94 11.67 11.73 12.77 8.36 12.50 11.69 9.91 
U 2.58 2.02 2.57 2.67 2.72 3.06 2.00 3.23 2.93 2.62 
Pb 5.32 4.33 5.28 6.74 7.05 4.83 4.31 7.21 6.94 5.14 
W 1.82 1.76 1.32 1.16 1.02 1.03 0.81 0.17 0.26 2.07 
Li 8.82 8.45 8.28 8.01 10.61 14.80 14.28 8.78 12.30 8.15 
Be 2.36 2.63 2.16 2.25 2.18 2.44 2.55 2.30 2.54 3.16 
Sc 1.64 2.26 1.82 1.89 1.77   1.79   6.11 2.42 
V   0.62 3.10       0.89 1.09 22.04 0.95 
Cr 16.34 16.89 9.00 24.39 18.78 10.25 11.15 12.54 14.24 10.83 
Co 0.53 0.28 0.22 0.23 0.22 0.45 0.39 0.38 2.03 0.89 
Ni 0.49 0.24         0.35 0.49 1.96 0.33 
Cu 1.90 7.10 5.17 1.86 2.31 1.44 2.34 0.38 0.37 1.18 
Zn 41.44 40.51 40.81 41.86 40.38 46.74 51.98 37.39 53.79 43.29 
Ga 19.80 21.08 19.85 21.37 22.50 19.54 21.43 19.47 17.63 26.68 
Bi 0.04 0.03 0.09 0.03 0.04 0.04 0.02 0.11 0.53 0.02 
Cd               0.03     
Mo 1.50 0.78 0.69 0.55 0.82 0.56 0.84 1.35 1.07 0.73 
Eu/Eu* 0.53 0.54 0.53 0.51 0.55 0.54 0.52 0.62 0.69 0.52 




Boa Sorte Granite Meiras Granite Boa Vista Granite Calderon Diorite 
Sample TZD14-268  TZD14-269  WMS-20B WMS-14A JK021 A TZD-199 A TZD-185 
SiO2 72.63 78.32 71.45 65.07 67.16 69.22 57.85 
TiO2 0.54 0.14 0.32 0.65 0.53 0.49 0.94 
Al2O3 12.21 10.62 14.32 15.23 15.63 14.84 17.83 
Fe2O3 4.31 2.80 3.27 6.95 5.31 4.18 7.75 
MnO 0.06 0.03 0.07 0.07 0.10 0.07 0.12 
MgO 1.18 1.33 0.69 1.34 1.06 0.93 1.86 
CaO 1.71 0.59 2.31 2.92 3.04 2.65 4.70 
Na2O 3.22 3.94 4.61 4.68 5.40 4.57 5.62 
K2O 3.35 1.61 2.38 1.99 1.50 1.69 1.77 
P2O5 0.13 0.02 0.14 0.31 0.21 0.18 0.41 
LOI 0.51 0.46 0.52 0.95 0.43 1.09 0.49 
Total 99.85 99.86 100.08 100.15 100.37 99.90 99.30 
Fe2O3* 0.79 0.68 0.83 0.84 0.83 0.82 0.81 
A/CNK 1.01 1.14 1.00 1.00 0.97 1.05 0.90 
Cs 1.23 0.23 1.76 3.69 0.85 0.66 0.89 
Rb 115.75 32.37 117.22 167.80 67.20 61.97 37.71 
Ba 506.35 311.61 169.57 149.66 115.75 422.55 251.33 
Sr 74.72 61.77 159.45 226.29 136.89 182.51 633.77 
Nb 18.69 15.68 26.85 35.46 26.07 30.32 11.78 
Sn 3.54 3.94 4.47 9.19 2.78 5.78 2.50 
Zr 344.76 333.29 212.36 478.70 491.60 455.66 479.60 
Y 53.99 62.47 42.52 64.45 55.32 83.55 21.18 
La 58.99 44.56 38.24 84.81 124.52 138.23 55.03 
Ce 120.16 101.40 71.13 163.22 221.25 191.11 124.34 
Pr 14.12 11.08 8.30 17.84 25.28 24.98 14.54 
Nd 51.45 42.40 29.56 61.54 77.35 82.95 53.49 
Sm 10.24 9.40 6.75 11.74 13.10 15.17 9.04 
Eu 1.55 1.58 0.84 1.52 1.26 1.98 2.45 
  
111 
  Boa Sorte Granite Meiras Granite Boa Vista Granite Calderon Diorite 
Sample TZD14-268  TZD14-269  WMS-20B WMS-14A JK021 A TZD-199 A TZD-185 
Gd 9.77 10.07 7.38 11.28 13.11 15.97 7.35 
Tb 1.56 1.72 1.30 1.79 1.98 2.46 0.87 
Dy 9.64 10.94 7.92 10.57 11.64 14.68 4.32 
Ho 2.03 2.37 1.60 2.23 2.17 2.91 0.77 
Er 5.87 6.96 4.25 6.47 5.64 8.06 2.10 
Tm 0.86 1.06 0.56 0.96 0.77 1.20 0.29 
Yb 5.54 6.93 3.19 6.01 4.26 7.24 1.77 
Lu 0.85 1.04 0.43 0.89 0.57 0.98 0.26 
Hf 9.56 9.59 5.91 11.75 11.15 10.50 7.87 
Ta 1.35 1.29 1.60 2.65 1.43 3.64 0.52 
Th 14.15 9.57 17.43 30.48 24.73 23.85 4.74 
U 1.95 2.43 1.19 3.37 1.34 2.15 0.79 
Pb 12.22 5.21 23.05 15.08 15.07 17.39 16.24 
W 0.44 0.85 0.06 0.20 0.04 0.16 0.08 
Li 15.98 9.71 20.66 43.93 28.97 11.45 21.35 
Be 2.38 1.89 3.53 3.81 3.35 3.71 2.24 
Sc 10.07 1.70 5.30 12.12 6.68 5.18 7.89 
V 31.66 0.95 22.02 35.32 35.96 29.04 89.83 
Cr 8.27 2.60 20.66 18.92 15.55 23.66 10.50 
Co 6.03 1.15 5.12 10.16 9.27 6.53 13.65 
Ni 6.63 0.94 5.39 9.97 8.97 10.71 7.90 
Cu 1.19   6.33 10.90 25.94 10.99 23.41 
Zn 45.76 15.68 67.81 57.95 98.26 57.92 121.20 
Ga 18.37 20.32 22.86 26.42 24.77 23.35 26.29 
Bi 0.02   0.07 0.12 0.03 0.08 0.11 
Cd 0.06 0.02 0.13 0.06 0.20 0.16 0.17 
Mo 1.66 0.23     0.25 0.13 0.51 
Eu/Eu* 0.48 0.50 0.36 0.41 0.30 0.39 0.92 
La/Yb(n) 6.45 3.90 7.26 8.55 17.71 11.58 18.80 
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Table 4: Partition coefficients used for modelling. 
  Allanite Amphibole Apatite Biotite Fe-Ti-oxide Magnetite Plagioclase Quartz Zircon 
  Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 
Rb 0.02 0.2 0.05 0.3 0.001 0.01 2 5 0.001 0.01 0.01 0.15 0.02 0.1 0.001 0.01 0.1 4 
Ba 1 12 0.1 0.5 0.025 0.25 3 10 0.001 0.02 0.05 0.5 0.15 1 0.001 0.01 0.1 4 
Th 150 700 0.05 0.4 0.25 2.5 0.015 0.15 0.005 0.05 0.025 0.35 0.01 0.1 0.001 0.01 5 65 
U 5 35 0.04 0.25 0.1 1.5 0.025 0.2 0.0075 0.075 0.035 0.5 0.015 0.2 0.001 0.01 10 100 
Nb 0.2 3.5 0.25 1.25 0.0025 0.005 0.15 1.5 10 40 0.075 0.25 0.025 0.15 0.001 0.01 10 50 
Ta 0.2 3.5 0.1 0.75 0.005 0.01 0.1 1 5 20 0.05 0.3 0.02 0.1 0.001 0.01 10 50 
La 800 2500 0.15 0.75 1 15 0.007 0.5 0.005 0.1 0.05 0.4 0.1 0.4 0.001 0.01 0.4 4 
Ce 600 2300 0.2 0.85 2 25 0.009 0.4 0.0075 0.125 0.08 0.45 0.08 0.3 0.001 0.01 2 6 
Pb 0.1 10 0.1 0.5 0.1 1 0.01 0.1 0.005 0.05 0.1 1 0.25 1 0.001 0.01 0.01 1 
Pr 450 2000 0.3 1.1 3.5 35 0.012 0.35 0.009 0.15 0.11 0.5 0.06 0.25 0.001 0.01 0.8 5 
Sr 0.5 2 0.15 0.5 0.75 5 0.1 0.55 0.002 0.02 0.01 0.05 1.5 4 0.001 0.01 1 20 
Nd 250 1500 0.5 1.5 5 45 0.015 0.3 0.01 0.17 0.13 0.55 0.045 0.25 0.001 0.01 1 8 
Zr 0.1 0.3 0.2 0.8 0.05 0.75 0.07 0.75 0.5 3 0.075 0.65 0.01 0.05 0.001 0.01 300 3000 
Hf 5 25 0.3 1 0.01 0.5 0.1 1 0.75 3 0.05 0.5 0.015 0.07 0.001 0.01 300 3000 
Sm 100 900 0.75 2.5 6 50 0.02 0.25 0.015 0.2 0.15 0.6 0.03 0.2 0.001 0.01 3 20 
Eu 10 120 0.5 2 5 25 0.05 0.35 0.02 0.1 0.1 0.65 0.5 2.5 0.001 0.01 0.5 10 
Gd 30 450 1 3.25 7.5 45 0.025 0.22 0.025 0.25 0.15 0.7 0.02 0.1 0.001 0.01 12 35 
Tb 17 200 1.4 3.5 8 40 0.03 0.2 0.03 0.27 0.13 0.75 0.018 0.075 0.001 0.01 18 45 
Dy 10 100 1.5 3.5 7 35 0.035 0.18 0.035 0.28 0.13 0.7 0.015 0.06 0.001 0.01 30 65 
Y 10 100 1.5 3 5 30 0.05 0.25 0.05 0.1 0.15 0.75 0.015 0.057 0.001 0.01 30 150 
Ho 6 60 1.45 3 6 30 0.04 0.15 0.04 0.26 0.12 0.6 0.012 0.055 0.001 0.01 40 135 
Er 4 45 1.2 2.75 5 25 0.043 0.13 0.05 0.25 0.11 0.55 0.01 0.045 0.001 0.01 55 220 
Tm 3 35 1 2.3 4 20 0.045 0.12 0.055 0.25 0.1 0.55 0.0095 0.035 0.001 0.01 65 300 
Yb 2 30 0.9 2.2 3 15 0.048 0.11 0.06 0.23 0.1 0.5 0.009 0.032 0.001 0.01 75 400 
Lu 1.5 30 0.85 2 2 10 0.05 0.1 0.06 0.2 0.1 0.45 0.008 0.03 0.001 0.01 100 500 
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1. Introduction 
The generation and evolution of the Earth's continental crust is one of the fundamental 
topics in geosciences; it involves the environment in which life originated, the 
development of plate tectonics and the formation of mineral deposits. The building of 
the Earth’s continental crust is a complex process that includes the generation of 
primary basic melts and water-assisted chemical differentiation to more felsic 
compositions. The chemical differentiation is in effect a distillation process, and 
understanding the role of the lithosphere as a trap and/or reactive filter during the 
distillation and maturation process is key for the multi-stage mechanisms that allow 
melt to differentiate.  One of the recurring challenges in the study of crustal evolution in 
the Archaean is to understand (i) the processes that led to the compositional variation 
between tonalite-tronhdhjemite-granodiorite (TTG), sanukitoides and calc-alkaline 
suites (Martin et al., 2005, Halla et al., 2009; Condie, 2014; Laurent et al., 2014), and 
(ii) the conditions and tectonic environment of the formation of juvenile continental 
crust and intracrustal reworking, and how these have changed with time (Smithies et al., 
2003, 2009; Martin et al., 2014; Kemp et al., 2007; Hawkesworth et al., 2010, 2013; 
Moyen, 2011; Cawood et al., 2013). 
The generation of the TTG has been intensely discussed in the literature over the 
past 40 years, and despite many first order questions remain unanswered some 
consensus has been recently obtain in the division of TTG groups using the 
concentration of pressure-sensitive elements. The low-REE TTG group proposed by 
Hala et al. (2009) follows the high-Al2O3 trend of Barker (1979) and fit the high-
pressure sodic group of Moyen (2011). On the other hand, the high-REE TTG group 
present lower Al2O3 contents and follow the low-pressure sodic group. The Moyen 
(2011) proposal encompass the continuum pressure conditions of melting by including 
the medium pressure group, which better express the increasing shallower depth of 
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melting. On the other hand, Condie (2014) argues that the low pressure sodic group and 
the potassic group of Moyen (2011) belong to the calc-alkaline (CA) magmatic series.  
The major change from TTG through CA series must reflect source processes and 
restite mineralogy. The generation of TTG reflects the role of restitic garnet, associated 
with some amphibole and complete absence of plagioclase, while the CA series reflect 
the appearance and the increasing whole of plagioclase as a restitic phase (see Condie, 
2014 for a review). The compositional change is attributed to the mineralogical control 
exerted by the deep garnet-present melting through upper plagioclase fractionation 
and/or accumulation; the role of garnet requires source depths of 50 km or more (Rapp 
and Watson, 1995; Moyen and Stevens, 2006; Halla et al., 2009; Moyen, 2011; Condie, 
2014). In detail, the difference observed within the TTG group reflects the exerted 
control on accessory phase; as pressure decreases the residue ranges from rutile-bearing 
eclogite, eclogite, garnet granulite and garnet amphibolite (Rapp and Watson, 1995; 
Moyen and Stevens, 2006). Trace elements that are pressure-sensitive can be used to 
better estimate the pressure, and consequently, the depth in which melting of an 
enriched basaltic source took place. High Sr and low Y and HREE concentrations are 
consistent with melting at high-pressure condition (2.0-2.5 GPa), while the low-pressure 
TTGs (ca. 1 GPa) show the opposite characteristic (Rapp and Watson, 1995; Moyen and 
Stevens, 2006; Halla et al., 2009). Those examples must be taken as end-members of 
continuum conditions of melting.   
The most debatable issue concerns the place and the tectonic scenario that 
melting took place. The three contrasting models dispute melting at the base of 
thickened mafic crust (e.g., Zegers and van Keken, 2001; van Thienen et al., 2004; 
Bédard, 2006; Rollinson, 2010); fractional crystallization of garnet and amphibole of 
wet mafic tholeiites (Smithies et al., 2003, 2005; Van Kranendonk, 2011a and b; Bédard 
et al., 2013; Van Kranendonk et al., 2014); melting of descending oceanic plateaus slabs 
along subduction zones (Martin, 1987; de Wit et al., 1992; Helmstaedt and Gurney, 
1995; Martin et al., 2005, 2014). In summary, the water-assisted partial melting or 
crystal fractionation of enriched tholeiitic source - similar to oceanic plateau basalts and 
different of regular MORB - most accounts into the generation of TTG magmas (Martin 
et al., 2014). The oceanic plateau must be generated by rising mantle plume head that 
transport the undepleted deep mantle material upwards (Condie, 1998; Guitreau et al., 
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2012), accounting for the coexistence of depleted and enriched tholeiites during 
Archean times (Condie, 1981).  
The main controversy in relation to models that preclude subduction zones in the 
generation of continental crust discourse on the assumed absence of water at the base of 
thick basaltic crust, which anhydrous cumulates of olivine and pyroxene correspond to 
the main constituent and could not respond to the huge amount of generated granitic 
magma (Arndt, 2013; Arndt et al., 2015). However, two mechanisms have recently been 
proposed for the generation of large volumes of TTG without necessarily the presence 
of subduction zones. One possibility involves the partial melting of hydrothermally 
altered basalt (Bindeman et al., 2012), in which Arndt (2013) argues that due the 
layered structure of the oceanic crust the hydrated basalt constitute only the upper part 
(< 6 km). However, the presence of garnet-amphibole migmatite related to the lower 
crust not entirely rule out this option (Moyen et al., 2006; Nédélec et al., 2012; Van 
Kranendonk et al., 2014). Moreover, recent experimental work shows that the garnet 
stability field expands in the lower crust in moderately hydrous magmas (Zellmer et al. 
2012).The second possibility involves the presence of water in the mantle itself, as 
documented by ringwoodite inclusions in the diamonds of Juína, Brazil (Pearson et al., 
2014), in komatiites of Barbenton (Parman et al., 2001, 2004) and large volume of 
igneous hornblende with juvenile isotopic composition (Ivanic et al., 2010; Ivanic and 
Nebel, 2012).   
In this study we described the geochemical and geochronology of the 3.42-3.32 
Ga magmatism along the southeastern portion of the Gavião Block, one of the oldest 
continental nuclei of São Francisco craton, Brazil (Fig. 1). We report the occurrence of 
TTG, low- and high-potassic CA suites continuously formed from 3.42 to 3.30 Ga. In 
this scenario, we discuss the melting generation at progressively decreasing pressures, 
and argues that the difference from TTG to CA magmatism mainly observed at the end 
of the Archean may be an intrinsically factor during the Paleoarchean. In agreement 
with other Archean terranes, the high-potassic CA magmatism delimit the early period 
of crustal stabilization after a period of crustal thickening related mainly to TTG and 
low-potassic CA magmatism (De Wit et al., 1992;  Jayananda et al., 2006; Drüppel et 
al., 2009; Romano et al., 2013). The recent thickened continental crust was affected by 
gravitational collapse, which culminated in the 3.30 Ga volcanic-plutonic systems 
evolved at an intracontinental tectonic (Zincone et al., submitted; Annex 1).  
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2. Geologic Setting 
The widespread magmatic activity in the Gavião Block mainly constrained the time 
span from 3.40 to 3.18 Ga (Nutman and Cordani, 1993; Martin et al., 1997; Silva et al. 
2015, Barbosa et al., 2013; Guitreau et al., 2012) and is represented by different massifs 
and complexes named according nearby villages (see Silva et al. 2016 for recent 
review). The eastern border of the Paleoarchean Gavião block is delimited by a north-
south linear tectonic structure of 600 km long, the Contendas-Jacobina lineament 
(Sabaté et al., 1990). This lineament represents a crustal-scale left-lateral strike-slip 
shear zone (Zincone and Oliveira, submitted) that separate the 2.8 - 2.6 Ga Neoarchean 
high-grade Jequié block (Alibert and Barbosa, 1992) from the 3.40 – 3.18 Ga 
Paleoarchean low-grade low-strain felsic rocks of the Gavião Block (Nutman and 
Cordani, 1994). At the southern sector of the former shear zone the 3.40-3.35 Ga 
massifs related to the Gavião Block was uplift as basement dome (Fig. 2). The tectonic 
extrusion of three domes upright the 2.1 Ga metasedimentary rocks of the Contendas-
Mirante foreland basin, and is timely correlated with ~2.03 Ga magmatism and partially 
assisted by the shearing (Zincone and Oliveira, submited).  
 
Fig. 1: Simplified geological map of the São Francisco Craton (modified after Silva et al., 
2015). The letters indicate the four main complexes within the Gavião Bloco; P: Porteirinha 
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Complex; G: Gavião Complex; M: Mairi Complex; S: Sobradinho Complex. The red rectangle 
represents the area covered by Fig. 2.    
Those domes are namely as Sete Voltas, Boa Vista and Serra dos Meiras 
(Marinho et al., 1978). The Sete Voltas is so far the oldest dome and the only one that 
have been investigate in detail by combined zircon U-Pb dating, zircon Hf isotopes and 
whole-rock geochemical (Nutman and Cordani, 1993; Martin et al., 1997; Guitreau et 
al., 2012). Accordingly, the ca. 3.40 Ga grey gneiss of TTG composition correspond to 
partial melts of Archean tholeiites, leaving a garnet amphibolite as residuum (Martin et 
al., 1997; Nutman and Cordani, 1993). The porphyritic granodiorite is interpreted to be 
generated by hydrated partial melting, at depths between 30 and 45 km, of the 3.4 Ga 
TTGs (Martin et al., 1997). In this case, the residue would comprise 
quartz+hornblende+plagioclase that could coexisted with magmatic liquid in a small 
range of pressure and temperature (P = 10-15 kbar and T = 700-800
o
C), depending on 
the concentration of H2O (Martin et al., 1997). The partial melting of the older TTGs 
and the generation of young granodiorites was interpreted as reflecting crustal 
thickening by mechanisms similar to modern continental collision (Martin et al., 1997). 
Recently, Guitreau et al., (2012) reanalyzed the zircon from samples previously 
investigate by Martin et al. (1997). Concordant zircon grains from the Sete Voltas 
yielded crystallization age between 3.43 and 3.37 Ga with εHf(t) ranging from +2 to -5.4 
(Guitreau et al., 2012). Most zircon grains present crystallization age between 3.43 and 
3.40 with negative εHf(t) of -0.7 to -3. Positive εHf(t) values are exclusively of zircon 
grains older than 3.42 Ga (Guitreau et al., 2012).  
The Serra dos Meiras presents an elliptical shape, trending N-S and is composed 
mainly by granodiorite. They are isotropic to lightly oriented medium-grained rocks 
dated at ca. 3.33 Ga (Marchesin, 2015). Granodioritic dyke intrusive at the Lagoa do 
Morro granitoid has been dated by U/Pb SHRIMP and holds the age of 3184 ± 6 Ma 
with negative ԐNd(t) (-1 and -3,7) (Nutman and Cordani, 1993; Marinho et al., 1993). 
         One xenocrystal within the grey gneiss of Sete Voltas dome (Guitreau et al., 2012) 
and one detrital zircon associated with garnet-biotite schist of the Paleoproterozoic 
Ibitira-Ubiraçaba sequence (Paquette et al., 2015) suggested that the generation of 
continental lithosphere in the Gavião Block may have started as early as 4.1-3.8 Ga. 
On the other hand, the presence of mafic-ultramafic cumulate plagioclase-
bearing rocks in the keels between the domes provides a rare opportunity to evaluate the 
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structural relationships between the granitic domes and the process involved in the 
petrogenesis of more primitive rock units. This remains a key aspect in understanding 
accretionary processes in the growth of the continental crust, since the mafic-ultramafic 
fragments are thought to represent residues left after shallow level segregation of CA 
melts (e.g. Keller et al., 2015). The tectonic implications are that they represent the 
roots of an island arc system, reflecting horizontal accretion related to subduction zones, 
or oceanic plateau fragments affected by partial convective overturn in a vertical 
tectonic regime (Van Kranendonk, 2010, 2011b; Van Kranendonk et al., 2014). The 
latter model has recently been proposed for the tectonic evolution of the Kaapvaal and 
East Pilbara cratons (see Van Kranendonk et al., 2014 for review), in contrast to a 
horizontal accretion model in a plate tectonic regime (de Wit, 1982; de Wit et al., 1992; 





Fig. 2: Simplified geological map of the southern zone of the Contendas-Jacobina lineament 
(Modify from Marinho et al., 1994). The 3.43-3.30 Ga basement domes is tectonic lodge by 
upright shear zones, into their Paleoproterozoic cover during continent-continent collision. The 
black dots indicate sample locality and U-Pb crystallization age in billions of years, while the 
red dots are U-Pb age from previously studies (Nutman and Cordani, 1993;Martin et al., 1997; 
Marchesini, 2015; Zincone et al., annex 4) The blue dots indicate Paleoproterozoic 
metasediments (Zincone and Oliveira, 2016). SV – Sete Voltas; M – Serra dos Meiras; BV – 
Boa Vista; LM – Lagoa do Morro.  
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3. Analytical techniques 
3.1. Zircon LA-ICP-MS U-Pb age dating 
During this study, U–Pb isotope analyses were carried out on zircon grains from seven 
plutonic rocks, while zircons from three samples have already been dated during 
previous study (Marchesin, 2015). Small chips of rocks were collected on non-
weathered outcrops and then brought to comminution by using a jaw crusher and disk 
mill. Panning and immersion into methylene iodide concentrated the heavy minerals.  
The diamagnetic zircon grains were separated using Frantz magnetic separator adjusted 
to a slope of 1 degrees, and current values up to 1.5 A. More than 70 zircon grains per 
sample were handpicked under a binocular microscope. The grains were mounted in 
epoxy resin and polished to expose their central portion. The internal structures were 
revealed by cathodoluminescence (CL) imaging using a LEO 430i (Zeiss Company) 
SEM equipped with an Oxford energy dispersive spectroscopy system and a Gatan 
Chroma CL detector.  The images were taken under 15 kV accelerating voltage, 
working distance of 16 mm and probe current between 6 – 10 nA. 
U–Pb ages were obtained by laser ablation mass spectrometry at the Geoscience 
Institute of Campinas University, using a Thermo Fisher  Element  XR  sector  field  
ICP-MS  and  a  Photon Machines  Excite 193nm ultra-short  pulse  excimer  laser  
ablation  system  (Analyte Excite WH) with a HelEx 2 volume cel. The laser was 
regulated with a spot size of 40μm, a frequency of 10 Hz, and an laser fluence of 
approximately 7.4 J/cm2. The acquisition protocol adopted was: 30 s of gas blank 
acquisition followed by the ablation of the sample for 60 s in ultrapure He. The 
international zircon 91500 (Wiedenbeck et al., 1995) was used in a standard-sample 
bracketing method, accounting for mass bias and drift correction, and the Peixe standard 
to check the correction. The measured isotopic ratios were monitored using the 
international standard 91500 following the sequence of 3 91500 standard, 10 zircon 




Pb age of 1108 ± 27 Ma for 
91500 provides confidence on the data. Only ages from a single growth zone and 
avoiding irregular features such as cracks and inclusions were used; concordant ages are 








U ages. The 
complete data set of the U-Pb analyses is in the data repository Table 1S. 
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3.2. Major and trace element analyses 
During this study, geochemestry analyses were carried out on 9 plutonic rocks, while 
data from 50 samples have already been analyzed during previous study (16 sample: 
Marchesin, 2015; 5 samples: Faustinoni, 2014, 29 samples: Martin et al., 1997). Major, 
minor and trace elements were performed at the Geosciences Institute of the University 
of Campinas – UNICAMP. Major elements were determined on a Philips PW2100 X-
ray fluorescence spectrometer according to the method described by Vendemiatto and 
Enzweiler (2001). Glass disks were prepared by fusing of 1g of pre-ignited sample with 
6g of lithium LiBO2/Li2B4O7 Claisse 50:50 flux, for 15 minutes in a Pt-Au crucibles and 
molds fluxer. Analyses were performed on a sequential WD-XRF spectrometer 
(PanAnalytical – PW 2404). Loss on ignition (LOI) was measured by heating 4g of dry 
sample at 1000 
o
C in pre-ignited porcelain crucibles for 1.5 hours. The accuracy of 
results was checked by simultaneous analysis of the international standards BRP-1, and 
relative errors are 0.4–1.5% for major elements. Minor and trace elements were 
determined on a Thermo (Xseries2) quadrupole inductively coupled plasma mass 
spectrometer (ICP-MS), after total digestion with HF/HNO3 (Paar bombs, 5 days, 
200
o
C), similar to the procedure described by Navarro et al. (2008), and instrument 
conditions of Cotta and Enzweiler (2009). Quality control was performed by 
simultaneous analysis of the granite GS-N (Centre de Recherches Petrographiques et 
Geochimiques), and relative errors are less than 10% deviation from the recommended 
values. The complete geochemicall data set is in the data repository Table 2S.  
4. Results 
4.1. Sample, zircon morphology and U-Pb isotopes 
Fig. 2 shows the geologic units referred, which are described below. Fig. 3 shows these 
units in the field. Fig. 4 shows cathodo-luminescence image of representative zircon 
grains, while Fig. 5 presents  Concordia diagram from investigate rocks. 
4.1.1. Sete Voltas Massif 
Five samples from the Sete Voltas massif have been dated. Two samples correspond to 
meta-tonalite (TZD-229A and TZD-233), which are separated from each other by 
upright metasedimentary rocks of the Contendas-Mirante basin (metarenite of Areião 
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Formation – Upper Unit). Sample TZD-229A is coarse-grained melanocratic meta-
tonalite (Fig. 3 A-B) with light-green plagioclase and white quartz. Magnetite and 
zircon are common accessory phase and epidote, chlorite and sericite are minerals 
related to low-grade metamorphism.  Sample TZD-233 is a porphyritic meta-tonalite 
with mega-crystal (up to 4 cm; 2:1 ratio) of euhedric plagioclase locally well preserved 
(Fig. 3 C). Myrmekite texture is characterized by bubbles of quartz within the 
plagioclase. Titanite is the main accessory mineral, while opaque, epidote and chlorite 
are common mineral phases. Zircon grains from both samples are very similar. Zircon 
grains are pink to light brown and range from 100 to 250 but few grains can be larger 
than 400µm. Well develop prism (3:1) and oscillatory zoning, mostly without 
overgrowth, is a common aspect (Fig. 4). 35 zircon grains from sample TZD-229 has 
been analyzed and holds an upper intercept at 3396 ± 17 Ma and a lower intercept at 
604 ± 74 Ma. Concordia age at 3390 ± 5 Ma (MSWD = 4.9) was calculated using the 7 
most concordant grains (Fig. 5 A), which is within the mistake bars using all zircon 
grains and is confident to interpret as the crystallization age. 44 spots have been 
analyzed in sample TZD-233 and an upper intercept at 3387 ± 12 Ma has been 
calculated (MSWD = 8.9) (Fig. 5 B). Considering 21 zircon grains within 5% of 
concordance an upper intercept at 3391 Ma is obtained and is interpreted as the best 
estimating of crystallization age.  
Sample TZD-159 is medium-grained tonalite gneiss collected as enclave of 
~40m
2
 in lesser deformed porphyritic tonalite similar to sample TZD-233 (Fig. 3 D-E). 
Zircon is translucid to light pink and range from 150 to 300 µm, and is characterized by 
not well developed prism, partially rounded, suggestive of magmatic reabsorption. No 
oscillatory zoning is observed. An upper intercept at 3380 ± 11 Ma and a lower 
intercept at 563 ± 130 Ma have been calculated (MSWD = 3.4) (Fig. 5 C). 
Sample TZD-153 is green gneiss of tonalitic composition (Fig. 3 F). Chlorite, 
epidote and calcite are the most abundant minerals and replace totally the biotite and 
partially the plagioclase. Zircon grains are euhedric prism of translucid to light pink and 
present oscillatory zoning without overgrowth (Fig. 4). An upper intercept at 3375 ± 17 
Ma and a lower intercept at 627 ± 170 Ma have been calculated (MSWD 9.2) (Fig. 5 D). 
Sample TZD-158 is a metric granodioritic dyke trend N with straight edges and 
centimetric feldspar growth perpendicular to the edge (Fig. 3 G). Zircon grains are pink 
and brown, prismatic and range from 100 to 300 µm (Fig. 4). An upper intercept at 3407 
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± 32 Ma and a lower intercept at 530 ± 82 Ma have been calculated (MSWD = 28). A 
Concordia age is calculated at 3391 ± 4 Ma (MSWD 4.49; Prob 0.034) using 16 grains 
(Fig. 5 E) and is similar to surround tonalite, suggesting that all the zircon are 
xenocrysts and do not represent the crystallization age of the dyke. 
 
Fig. 3: Field aspect from the Paleoarchean basement domes that occurs at the southern part of 
the Contendas-Mirante supracrustal belt, São Francisco Craton. A-H) Sete Voltas Massif. A) 
general view at the highland of Sete Voltas massif were collected sample TZD-233. B) Detail of 
meta tonalite (sample TZD-229A). C) Megacrystal of euhedric plagioclase. D) enclave of 
banded tonalite within porphyritic tonalite similar to photo C. E) detail of phto D showing the 
composinional banding of the tonalitic enclave (sample TZD-159).  
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Fig. 3: continued. F) Epidote-Chlorite tonalite (sample TZD-153. G) intrusive granodiorite dyke 
with megacrystal of feldspar growed perpendicular to the dyke border. H) tonalite gnaisse of 
Boa Vista massif (sample TZD-199B). I) meta-leucogabbro (sample TZD-217) of a mafic-
ultramafic complex between the Boa Vista and Sete Voltas massifs. 
4.1.2. Boa Vista Massif 
One sample from Boa Vista Massif has been analyzed in this study. Sample TZD-209 is 
a porphyritic meta-tonalite from the central zone of the Boa Vista massif. Zircon grains 
are perfectly prismatic (2:1, 3:1 and 4:1) of different colors (incolor, pink and brown) 
and range from 100 to 250 µm. Oscillatory zoning is common to all grains (Fig. 4). An 
upper intercept at 3361 ± 26 Ma and a lower intercept at 1055 ± 240 Ma have been 
calculated (MSWD = 18;  Fig. 5 F). 
4.1.3. Mafic Complex between Sete Voltas and Boa Vista domes 
Sample TZD-217 is coarse-grained meta-leucogabbro (Fig. 3 I). Apatite, opaque, zircon 
and epidote are accessory minerals. Zircon grains are colorless to light brown, range 
from 100 to 250 µm and are elliptic to short prism (Fig. 4). An upper intercept at 3422 ± 
13 Ma and a lower intercept at 1101 ± 260 Ma have been calculated (MSWD = 3.5;  
Fig. 5 H).  
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Fig. 4: Representative cathode-luminescence images of zircons from Paleoarchean plutonic 
rocks of the Gavião Block. Data-point error ellipses are are 2σ. White bar indicate 50 µm. 
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U) for data obtained on samples from 
Paleoarchean plutonic rocks of the Gavião Block. The insert on the bottom right is a close-up on 
the Concordia showing the analyses used for the calculation of the Concordia (Conc.) age. Error 
ellipses are 2σ. 
128 
4.2. Geochemestry 
The geochemical diagrams presented below include samples from the volcanic-plutonic 
system of 3.30 Ga (Zincone et al, submited; Annex 1) for comparison purposes and 
future discussion. 
Representative samples from the investigate plutonic rocks present high SiO2 
content (65-77 wt%) and are classified as mainly trondhjemitic, with minor granitic 
components of the massifs using the geochemical classification of the ternary diagram 
of feldspar and plots along the final part of the evolution of TTG series and 
progressively along the CA series (Fig . 6). Using the total alkalis vs. silica diagram the 
rocks are classified as granites and granodiorites (1994; Fig. 7 A), metaluminous to 
weakly peraluminous (A/CNK values: 0.95 to 1.1, not shown) and calc-alkaline to high 
potassium (Fig. 7B). 
 
Fig. 6: ternary diagrams based on major elements that portray the evolution of the feldspar 
group. A) Normative anortite-albite-ortoclase (An-Ab-Or) (O'Connor, 1965); black field TTG 
and grey field CA rocks. B)  K-Na-Ca contrasting the evolution of TTG and CA series (Martin, 
1994). TTH trend mark the plagioclase group evolution, while CA trend mark the appearance 
and increase role of alkali feldspar. The samples delimit a complete range from the final 
evolution of TTG series and the appearance and progressive evolution of the CA series. Data set 
are from: Sete Voltas (Martin et al., 1997; this study); Meiras (Marchesin, 2015); Boa Vista 
(this study); Volcanic-Plutonic System (Zincone et al., submitted; annex 1). 
The progressive magmatic differentiation by crystal fractionation is mainly 
suggested in geochemical diagrams when representative number of samples delimits a 
continuous and progressive change within a certain range in bivariate diagrams (e.g. 
Keller et al., 2015). The rocks that make up the domes of the southeastern part of the 
Gavião Block feature a continuous variation in relation to the major-elements. The 
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Harker diagrams in Fig. 6 show the variations of K2O/Na2O ratio, Al2O3, MgO, Fe2O3T, 
CaO, Na2O, with silica content. The progressive increase in SiO2 content is 
accompanied by an increase in the amount of K2O (1.3 a 5.4) and K2O/Na2O (0.2 a 1.7 
wt.%) ratio, and decrease in the quantity of Al2O3 (17 a 13 wt.%), MgO (1.5 a 0.0 
wt.%), Fe2O3(t) (5 a 0.7 wt.%), CaO (4.4 a 0.4 wt.%), Na2O (5.6 a 3.0 wt.%), e P2O5 
(0.20 a 0.03 wt.%). These correlations are generally displayed among the analyses from 
individual dome, as well as for the massif, as a whole. In figure 6 observe that the 




Fig. 7: binary diagrams showing variation of major-elements compared to silica. A) chemical 
classification using the total alkalis vs. silica. B) SiO2 vs. K2O individualizing the CA series 
from the high-K CA rocks (Peccerillo and Taylor, 1976). C) SiO2 vs. K2O/Na2O; note that only 
a few samples have higher concentrations of K2O with respect to Na2O; the TTG suites 
commonly present 0.3 <K2O/Na2O <0.6 (Moyen and Martin, 2012); note that in 73% SiO2 is the 
inflection values of ≥0.6 in the K2O/Na2O ratio. D) SiO2 vs. Al2O3 showing the two main 
groups of TTG suites; the high-Al group Barker (1979) fits the group with low values in Σ 
HREE of Halla et al. (2009). Baker (1979) proposes that 15 wt% of Al2O3 separate the two 
groups, whereas Halla et al. (2009) proposed a variation based on SiO2 content. E, F, G, H) 
MgO, Fe2O3, CaO and CaO/Na2O decreased with increasing SiO2. This same relationship is 
observed in relation to P2O5 (not shown). H) SiO2 vs. Na2O showing the fields of the TTG 
(sodic high and medium pressure) and CA (sodic low pressure and potassic) suites of rock 
(Moyen, 2011; Condie, 2014). Data set are from: Sete Voltas (Martin et al., 1997; this study); 
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Meiras (Marchesin, 2015); Boa Vista (this study); Volcanic-Plutonic System (Zincone et al., 
submitted; annex 1). 
The difference in trace elements can be observed in the rare-earth elements 
(REE) spider diagram (Fig.8). As is common for felsic rocks this plot shows 
considerable enrichment in LREE and depletion in HREE. The TTG-like rocks present 
La/YbN values of 23-100 and YbN values of 1-8, while the CA-like and potassic rocks 
present La/YbN values of 18-50 and 10-27, and YbN values of 2-9 and 2-7, respectively. 
The TTG-like rocks shows an absence of negative Eu anomaly (Eu/Eu* 0.7-1.1), while 
the CA and potassic suite of rocks presents negative Eu anomaly (Eu/Eu* of 0.4-0.7 and 
0.2-0.8, respectively). 
 
Fig. 8: Spider diagram normalized to chondrite (values of McDonough and Sun, 1995).  Data 
set are from: Sete Voltas (Martin et al., 1997; this study); Meiras (Marchesin, 2015); Boa Vista 




5.1. TTG and CA magmatism 
The compositional variations observed in those geochemical diagrams suggest that the 
processes involved in the magmatic differentiation do not fall within a single magmatic 
series and most depicts the differentiation from TTG and low- to high-K CA 
magmatism. The difference between this magmatic series is related to pressure 
conditions of melting of enriched tholeiite, the importance of residual mineralogy and 
intracrustal processes during crustal thickening.  
For felsic rocks, the distinction between TTG and CA suites is mainly based on trends 
using major and trace elements such as K-Na-Ca (Fig. 6), Sr, Y and REE contents (Fig. 
8-10). Specifically, the rocks of the TTG series feature high La/Yb(N) and Sr/Y ratios, 
low content of Yb(N) and Y (Fig. 9), and absence of negative Eu anomaly (Fig. 10). 
 
Fig. 9: diagrams for TTG and CA suite of rocks. A) La/Yb(N) vs. Yb(N) and B) Sr / Y vs. Y. The 
arrows indicate the melt path extracted from Archean tholeiites for sources composed by 
amphibolite, 7-30% garnet amphibolite and eclogite (adapted from Moyen and Martin, 2012; 
Clemens et al., 2006; Petford and Atherton, 1996). Blank fields indicate Archean TTG suites 
and adakites, while light gray represents typical post-Archean granites (adapted from Martin et 
al., 2002). Data set are from: Sete Voltas (Martin et al., 1997; this study); Meiras (Marchesin, 
2015); Boa Vista (this study); Volcanic-Plutonic System (Zincone et al., submitted; annex 1). 
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The TTG series differs from the CA series by absence of negative Eu anomaly 
(Martin and Moyen, 2002; Condie, 2014), reflecting the absence of feldspar during the 
magmatic differentiation by crystal fractionation and accumulation. The strong 
correlation between Sr and Eu/Eu* indicate that the fractionation of plagioclase must 
play fundamental control in the transition between the TTG and CA suites (Fig. 10). 
 
Fig. 10: Differentiation between TTG and CA series (Martin and Moyen, 2002). Diagrams 
Eu/Eu* (Eu/Eu* = Eu/(Sm x Gd)
1/2
)(N)) versus sum of LREE and Eu/Eu* versus Sr. The TTG 
suites commonly present values of Eu/Eu* > 0.8 and Sr > 300, while lower values illustrate the 
predominance of plagioclase fractionation (Plg XRF) as main mineral phase controlling the 
trajectory of magmatic evolution. In general, this aspect delimit the transition between the TTG 
series, dominantly controlled by the presence of garnet in the residue, and CA series, controlled 
both by fractionation of plagioclase and  its appearance and increase role in the residue 
composition. Data from: Sete Voltas (Martin et al., 1997; this study); Meiras (Marchesin, 2015); 
Boa Vista (this study); Volcanic-Plutonic System (Zincone et al., submitted; annex 1). 
  
134 
Intending to explore the differences between TTG and CA magmatic series were 
used those different diagrams proposed by Moyen (2011) that delimit the fields between 
the TTG (sodic, high, medium and low pressure) and potassic series, noting that the CA 
includes the sodic low pressure and potassic groups (Fig. 11). 
 
Fig. 11: Binary diagrams showing the main features to distingue the TTG series (sodium high 
and medium pressure) from the CA series (low pressure and potassium; Moyen, 2011; Condie, 
2014). The black outline represents the TTG high pressure group, while the grey outline 
represents the TTG medium pressure group. The dashed field corresponds to the TTG low 
pressure group and the grey field represents the potassic group. According to Moyen (2011). A) 
MgO vs. Mg# (molar Mg/Mg+Fe*100). B) SiO2 vs. Sr; C) K2O/Na2O vs. Eu/Gd; D) Nb vs. Ta; 
E) Sr vs. Y; F) La/Yb vs. Sr/Y. Data set are from: Sete Voltas (Martin et al., 1997; this study); 
Meiras (Marchesin, 2015); Boa Vista (this study); Volcanic-Plutonic System (Zincone et al., 
submitted; annex 1). 
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An important discussion that must be raised concerns the variation observed in 
the Sete Voltas dome and between the Sete Voltas and Serra dos Meiras-Boa Vista 
domes.  
Two groups stand out among the different samples of the Sete Voltas dome, 
specifically when it concerns the trace elements. Group 1 fits in the high and medium 
pressure of Moyen (2011) and is characterized by absence of negative Eu anomaly and 
very low content of Sr, heavy REE and Y, which reflect in high values of La/Yb(N) and 
Sr/Y (Fig. 9). This group is represented by sample TZD-229A with crystallization age 
of 3390 ± 5 Ma, corresponding to typical TTG generated by fractionation of garnet or 
dehydration melting of garnet amphibolite and eclogite in thick mafic crust at depths ≥ 
50 km (Rapp and Watson, 1995; Clemens et al., 2006). The Nb/Ta ratio <16 is used as 
indication that the mafic source of TTG magma contains no rutile (Foley et al., 2002; 
Condie, 2005). The variation of the Nb/Ta ratio between 7 and 23 in the investigate 
samples indicate that the TTG suites of the Gavião block formed dominantly in the 
garnet stability field, with only a few samples generated in the rutile stability field at 
higher pressure (Fig. 12).  
 
Fig. 12: Nb/Ta ratio is used as an indicator of the presence or absence of the rutile in the TTG 
source, which corresponds to an indirect indication of the pressure, and consequently the depth 
at which the extraction of the TTG magma occurred. Data set are from: Sete Voltas (Martin et 
al., 1997; this study); Meiras (Marchesin, 2015); Boa Vista (this study); Volcanic-Plutonic 
System (Zincone et al., submitted; annex 1). Legend as figure 11. 
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Group 2 corresponds to the transition between the sodium medium and low 
pressure of Moyen (2011) and is characterized by small negative Eu anomaly (average 
Eu/Eu* 0.70), higher values of Ce and Nd - resulting in negative Sr anomaly - and 
higher La(N) and Yb(N) values. This group is represented by samples TZD-233 and TZD-
159 with crystallization age of 3391 Ma and 3380 ± 11 Ma, respectively. This group 
represents the transition between the TTG and the CA series and possibly marks the 
appearance of feldspar as fractionate mineral phase. 
In turn, typical rocks of the CA series can be found mainly in the Serra dos 
Meiras and Boa Vista domes, where the high heavy REE contents (Fig. 8), the low Sr/Y 
and La/Yb(N) ratios (Fig. 9), and the negative anomalies of Sr and Eu (Fig. 10) classify 
the majority of the samples as part of the CA and high-K CA series. The high-K rocks 
(potassic samples) are so far associated with the Serra dos Meiras dome.  
Table 1 presents a summary of the presented data, relating the age of the 
magmatic crystallization and the range of pressure condition during melting extraction 
and magma differentiation, according with have been discussed. 
  Pressure Sample ID Age (Ga) 
  High 152 none  
TTG  Transition high-medium 229 3.39 
  Medium 209 3.36  
CA  Low WMs-7D 3.33 
 CA high-K 
 
WMs-21B none 
WP Very Low 199A, 268 3.30 
Table 1: The combination of the presented diagrams allows speculate a possible stratigraphy of 
the continental crust in the Paleoarchean where the magmatic differentiation occurs in 
progressively shallower crustal levels. Sample WMs-7D is from Marchesin (2015). 
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However, as observed in those previous diagram, we can infer that the magmatic 
evolution between 3.40 and 3.30 Ga marks the transition between the TTG series (ca. 
3.40 to 3.35) through the CA series (ca. 3.35-3.32 Ga), including the high-K CA 
magmatism. The magmatic evolution at the southeastern portion of the Gavião Block 
ends with the intraplate higher temperature magmatism at shallow crust level (Zincone 
et al., submitted). The La/Yb(N) versus Sr/Y diagram summarize the propose model (Fig. 
13). The TTG suites commonly have high ratio La/Yb(N) (≥ 15) and Sr/Y (≥ 30); while 
the CA suites have lower values for these parameters (La/Yb(N) and Sr/Y ≤ 20). In turn, 
the intraplate magmatism is characterized by extremely high content of heavy REE and 
low Sr, resulting in even lower values of the La/Yb(N) (≤ 5) and Sr/Y (≤ 1) ratio.  
 
Fig. 13: La/Yb(N) versus Sr/Y diagram illustrating the magmatic differentiation in progressive 
shallower level at continuum pressure conditions of melting during crustal thickening; from 
deep (> 50 Km) melting of basic tholeiites (generation of TTG melt with restitic garnet  in the 
source, progressively associated with amphibole and absence of plagioclase), through magma 
generation at progressive shallow depth (developing of CA melts characterize by appearance 
and increasing role of plagioclase as a restitic phase) into the low-pressure high-temperature 
intraplate magmatism related to gravitational collapse of a newly thickened continental crust. 
UC – upper crust. Data set are from: Sete Voltas (Martin et al., 1997; this study); Meiras 
(Marchesin, 2015); Boa Vista (this study); Volcanic-Plutonic System (Zincone et al., submitted; 
annex1). Legend as figure 11. 
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5.2. Crustal assimilation and sediment contribution 
The low U/Th and Ba/La ratios and the high Th/Yb ratio are used as indicative of 
sediment component in the magma genesis (Woodhead et al., 2001; Hawkesworth et al., 
1997), which is observed in the investigate plutonic rocks (Fig. 14).  
 
Fig. 14: binary diagrams Th vs. U/Th e Ba/La vs. Th/Yb used to identify sedimentary 
component in the genesis of the plutonic rocks. Data set are from: Sete Voltas (Martin et al., 
1997; this study); Meiras (Marchesin, 2015); Boa Vista (this study); Volcanic-Plutonic System 
(Zincone et al., submitted; annex 1). 
This observation is consistent with the Hf isotopic data presented by Guitreau et 
al. (2012), which reported a variation of εHf(t) ranging between +2 and -5.4 in zircon 
grains crystalized between 3.43 and 3.37 Ga. Most of the grains holds crystallization 
age between 3.43 and 3.40 with εHf(t) and negative values between -0.7 and -3, while 
positive values are exclusively from grains older than 3.42 Ga (Fig. 15).  
 
Fig. 15: Composite Hf isotope evolution diagram with all Hf-in-zircon isotope published data 
from the Gavião Block. Data from Teles et al. (2015), Guitreau et al. (2012) and Zincone et al. 
submitted; annex 1. 
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5.3. Comparison with Neoarchean magmatism 
Laurent et al. (2014) proposed the presence of four types of granitoids in Neoarchean 
(3.0-2.5 Ga) and observed that in general the emplacement of these different granitic 
bodies follow a specific sequence divided into two stages: long period (between 200 and 
500 Ma) of juvenile magmatic emplacement characterized by TTG suites extracted from 
tholeiites on different pressure conditions, followed by a short period (between 20 and 
150 Ma) in which the other three types of granitic magma were generated. This 
sequence is interpreted as evidence of global tectonics record, which is characterized by 
subduction cycles followed by continental collision.  
Looking for petrogenetic indicator that may differentiate between the four types 
of granite Laurent et al. (2014) have proposed a ternary diagram with each pole shown 
an end member of the three main types. Samples from the Gavião Block are among the 
TTG suites generated from low-K mafic rocks and from magmatic rocks derived from 
pre-existing crustal rocks, essentially TTG-like suites (Fig. 14). 
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Fig. 16: ternary diagram which seeks to differentiate the four types of granitic rocks that 
dominate the Neoarchean (3.0-2.5 Ga), each pole diagram used as an end member of granitoid 
source (Laurent et al., 2014). 2*A/CNK (molar Al2O3 / [CaO + Na2O + K2O]): pre-existing 
crustal rocks; Na2O/K2O: low-K mafic tholeite; 2*FMSB [(FeOt + MgO) wt% * (Sr + Ba) wt%: 
metasomatized LILE-enriched mantle. The hybrid granitoids are located in the area of 
convergence between the three groups. Data set are from: Sete Voltas (Martin et al., 1997; this 
study); Meiras (Marchesin, 2015); Boa Vista (this study); Volcanic-Plutonic System (Zincone et 
al., submitted; annex 1). Legend a figure 14. 
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5.4. The mafic-ultramafic complex between the domes 
The presence of an older mafic-ultramafic complex between the Sete Voltas and Boa 
Vista domes is suggestive of dome-and-keel structure preserved from the growth of 
Archean continental crust.  Although the exhumation of those domes occurred during 
the Paleoproterozoic orogeny (Nutman and Cordani, 1993; Zincone and Oliveira, 
submitted; annex 3), the preserved dome-and-keel structure is Paleoarchean. Coupled 
geochronological and geochemical results indicate that the Boa Vista and Sete Voltas 
massifs are distinct rock types. Whereas the Sete Voltas is a typical TTG massif formed 
between 3.40 and 3.36 Ga, the Boa Vista is more heterogeneous and dominantly 
composed by ca. 3.35 Ga CA magmatism, and related rocks to the 3.3 Ga volcanic-
plutonic system (Zincone et al. submited; Annex 1). The presence of the 3.42 Ga mafic-
ultramafic complex between those younger felsic massif is suggestive of accretionary 
system between those domes. However, still an open question the main process 
involved in the crust formation, and more study is needed to characterize arc-accretion 
versus mantle plume-dominated mechanism. 
6. Conclusion 
The magmatic evolution in the southeastern part of the Gavião Block continuously 
occurred between 3.42 and 3.30 Ga and is characterize by TTG through CA and 
potassic magmatism; depending on the pressure conditions of melt extraction and 
source composition. The magmatic differentiation in progressive shallower level 
occurred at continuum pressure conditions of melting during crustal thickening; from 
deep (> 50 Km) melting of basic tholeiites (generation of TTG melt with restitic garnet 
in the source, progressively associated with some amphibole and absence of 
plagioclase), through magma generation at progressive shallow depth (developing of 
CA melts characterize by appearance and increasing role of plagioclase as a restitic 
phase). The high-K CA magmatism delimits the time range of stabilization of large 
continental domains before the gravitational collapse of a newly thickened continental 
crust, which culminated in the high-temperature low-pressure 3.30 Ga intraplate 
magmatism. The high-K CA and intraplate magmatism induced the concentrating of 
radiogenic elements by advection in progressively shallower crustal levels, resulting in 
cooling of the lower crust and lithospheric mantle. That process change the rheology at 
the base of the crust, impinging a thermo-mechanical boundary that exercises main 
control in the stabilization of early continental crust. 
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Table 1:Results of U/Pb dating Ratio 
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U 2s Conc. 
TZD-233 34 0.064 117 60 29250 0.28 0.00 29.33 0.36 0.73 0.01 0.620 3398 10 3548 42 3465 12 104 
TZD-233 35 0.062 134 109 30300 0.28 0.00 26.63 0.49 0.67 0.01 0.644 3362 15 3297 54 3366 18 98 
TZD-233 37 0.076 182 124 24700 0.26 0.00 14.71 0.26 0.41 0.01 0.745 3286 12 2186 33 2791 16 67 
TZD-233 38 0.101 80 58 18600 0.29 0.01 28.79 0.64 0.69 0.02 0.696 3425 18 3414 69 3437 21 100 
TZD-233 39 0.118 105 127 15800 0.28 0.00 16.84 0.37 0.44 0.01 0.785 3376 13 2318 46 2934 20 69 
TZD-233 41 0.052 146 37 35750 0.28 0.00 29.38 0.39 0.74 0.01 0.669 3376 10 3574 41 3461 13 106 
TZD-233 42 0.112 70 44 16700 0.28 0.00 26.57 0.44 0.69 0.01 0.713 3372 12 3356 48 3357 16 100 
TZD-233 43 0.070 132 27 26650 0.26 0.00 19.65 0.69 0.54 0.02 0.877 3231 17 2738 67 3035 36 85 
TZD-233 44 0.062 117 14 30050 0.26 0.00 28.75 0.56 0.76 0.02 0.697 3278 16 3631 59 3442 19 111 
TZD-233 45 0.034 236 52 54450 0.28 0.00 27.72 0.40 0.70 0.01 0.670 3394 12 3400 43 3406 14 100 
TZD-233 46 0.082 170 116 22850 0.26 0.00 14.48 0.24 0.40 0.01 0.723 3282 13 2173 34 2779 16 66 
TZD-233 48 0.058 149 70 32350 0.28 0.00 25.58 0.44 0.66 0.01 0.734 3364 12 3241 49 3327 17 96 
TZD-233 49 0.047 180 18 40050 0.27 0.00 25.29 0.33 0.66 0.01 0.620 3308 11 3258 34 3316 13 98 
TZD-233 50 0.115 67 65 16305 0.28 0.00 29.48 0.48 0.73 0.01 0.624 3409 14 3522 51 3461 16 103 
TZD-233 51 0.051 151 36 36600 0.28 0.00 29.16 0.43 0.73 0.01 0.601 3370 12 3518 43 3453 15 104 
TZD-233 52 0.081 131 111 23200 0.27 0.00 20.11 0.37 0.53 0.01 0.717 3340 12 2735 42 3086 18 82 
TZD-233 53 0.061 123 219 30800 0.28 0.00 29.11 0.44 0.74 0.01 0.658 3373 13 3559 46 3452 15 106 
TZD-233 55 0.068 123 30 27450 0.27 0.00 26.44 0.45 0.68 0.01 0.712 3337 14 3339 48 3356 16 100 
TZD-233 56 0.038 201 42 48650 0.27 0.00 27.40 0.37 0.71 0.01 0.620 3338 11 3470 39 3394 13 104 
TZD-233 57 0.047 203 53 39850 0.26 0.00 21.50 0.55 0.57 0.01 0.806 3270 14 2907 57 3153 26 89 
TZD-233 59 0.026 308 16 71050 0.27 0.00 26.32 0.42 0.68 0.01 0.701 3318 12 3329 38 3359 16 100 
TZD-233 61 0.075 127 119 24950 0.29 0.00 23.55 0.43 0.59 0.01 0.806 3429 10 2975 46 3231 18 87 
TZD-233 62 0.028 292 58 68000 0.28 0.00 28.26 0.39 0.70 0.01 0.632 3384 12 3429 42 3426 14 101 
TZD-233 63 0.066 244 180 28400 0.27 0.00 14.08 0.23 0.39 0.01 0.784 3291 11 2094 32 2745 16 64 
TZD-233 64 0.045 175 40 41950 0.28 0.00 29.00 0.33 0.75 0.01 0.680 3383 9 3600 39 3452 11 106 
TZD-233 65 0.052 266 212 36250 0.26 0.00 14.82 0.26 0.42 0.01 0.721 3248 12 2252 32 2792 17 69 
TZD-233 66 0.118 87 80 15900 0.27 0.00 19.46 0.36 0.52 0.01 0.686 3333 14 2703 41 3059 18 81 
TZD-233 67 0.047 186 46 39500 0.28 0.00 24.59 0.39 0.63 0.01 0.717 3358 12 3146 42 3289 16 94 
TZD-233 68 0.037 213 48 50650 0.28 0.00 28.69 0.33 0.74 0.01 0.701 3396 9 3546 37 3438 11 104 
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U 2s Conc. 
TZD-233 69 0.072 131 42 26100 0.27 0.00 23.95 0.37 0.63 0.01 0.696 3350 11 3127 43 3265 14 93 
TZD-233 70 0.032 256 60 57950 0.28 0.00 26.86 0.35 0.69 0.01 0.668 3366 10 3366 40 3378 13 100 
TZD-233 71 0.041 187 141 45400 0.28 0.00 29.47 0.39 0.75 0.01 0.631 3405 10 3599 42 3466 13 106 
TZD-233 72 0.097 93 15 19350 0.29 0.00 25.92 0.55 0.63 0.02 0.716 3409 15 3154 58 3347 20 93 
TZD-233 73 0.057 170 135 33050 0.27 0.00 23.61 0.49 0.61 0.01 0.796 3344 12 3076 47 3259 20 92 
TZD-233 74 0.056 152 48 33500 0.28 0.00 27.03 0.40 0.68 0.01 0.526 3369 13 3357 43 3379 15 100 
TZD-233 75 0.061 135 104 30450 0.29 0.00 28.30 0.43 0.71 0.01 0.628 3423 14 3429 49 3427 15 100 
TZD-233 76 0.042 206 48 44700 0.28 0.00 26.34 0.33 0.67 0.01 0.642 3391 10 3309 37 3352 12 98 
TZD-233 77 0.056 260 111 33450 0.27 0.00 15.01 0.27 0.41 0.01 0.744 3322 11 2201 37 2812 17 66 
TZD-233 78 0.035 255 141 53750 0.28 0.00 26.14 0.43 0.65 0.01 0.672 3401 13 3231 50 3345 16 95 
TZD-233 79 0.052 232 177 36200 0.27 0.00 17.28 0.45 0.46 0.01 0.875 3332 11 2418 49 2915 25 73 
TZD-233 80 0.082 137 28 22750 0.27 0.00 18.15 0.40 0.48 0.01 0.769 3345 13 2528 43 2988 22 76 
TZD-233 81 0.050 184 17 37700 0.27 0.00 21.84 0.29 0.59 0.01 0.658 3297 12 2978 36 3173 13 90 
TZD-233 82 0.032 261 18 58600 0.28 0.00 27.40 0.34 0.71 0.01 0.634 3360 10 3439 38 3398 12 102 
TZD-233 83 0.080 113 86 23300 0.28 0.00 24.33 0.50 0.63 0.01 0.765 3374 11 3155 47 3271 21 94 
TZD-299A 89 0.08 69 65 24000 0.288 0.004 28.700 0.410 0.720 0.010 0.528 3420 11 3491 37 3441 14 102 
TZD-299A 90 0.08 69 84 23300 0.289 0.004 28.450 0.400 0.704 0.011 0.589 3423 12 3438 40 3431 14 100 
TZD-299A 91 0.08 147 116 24800 0.246 0.003 13.010 0.220 0.384 0.007 0.802 3172 11 2086 32 2674 16 66 
TZD-299A 92 0.05 188 243 41150 0.266 0.003 17.840 0.300 0.477 0.008 0.723 3292 12 2513 34 2981 16 76 
TZD-299A 93 0.03 186 64 60750 0.277 0.003 26.760 0.420 0.679 0.009 0.756 3357 9 3342 35 3369 15 100 
TZD-299A 94 4.53 391 486 413 0.249 0.003 10.520 0.220 0.303 0.006 0.863 3183 10 1710 28 2463 20 54 
TZD-299A 96 0.04 182 61 48500 0.278 0.003 24.690 0.390 0.623 0.009 0.642 3365 11 3121 35 3295 16 93 
TZD-299A 98 0.03 217 172 66200 0.277 0.003 26.700 0.560 0.679 0.012 0.867 3350 10 3347 48 3361 22 100 
TZD-299A 99 0.05 127 152 39350 0.284 0.003 27.010 0.340 0.687 0.009 0.652 3396 9 3366 33 3380 12 99 
TZD-299A 100 0.04 323 233 49925 0.240 0.002 11.250 0.220 0.339 0.006 0.837 3131 9 1881 27 2529 18 60 
TZD-299A 101 0.06 118 34 32050 0.270 0.004 26.130 0.430 0.676 0.012 0.612 3314 13 3329 47 3350 16 100 
TZD-299A 102 0.04 243 137 52450 0.277 0.003 19.010 0.310 0.505 0.008 0.783 3347 9 2625 33 3035 16 78 
TZD-299A 103 0.06 122 62 33450 0.281 0.003 24.850 0.330 0.640 0.009 0.642 3384 10 3183 35 3295 13 94 
TZD-299A 104 0.05 173 15 36150 0.246 0.004 16.920 0.560 0.468 0.013 0.834 3166 16 2480 58 2901 35 78 
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U 2s Conc. 
TZD-299A 105 0.05 159 17 35450 0.259 0.005 22.830 0.910 0.584 0.019 0.847 3264 19 2955 77 3189 39 91 
TZD-299A 106 0.05 195 100 41100 0.262 0.003 19.790 0.400 0.529 0.010 0.745 3258 11 2735 40 3083 19 84 
TZD-299A 108 0.04 178 57 48200 0.277 0.003 25.520 0.330 0.672 0.009 0.684 3357 9 3307 33 3327 13 99 
TZD-299A 109 0.05 152 162 34700 0.270 0.003 20.530 0.260 0.557 0.008 0.705 3315 11 2845 33 3117 12 86 
TZD-299A 110 0.07 99 115 25450 0.270 0.004 24.400 0.450 0.646 0.012 0.715 3323 13 3207 45 3280 18 97 
TZD-299A 111 0.05 277 301 38000 0.260 0.003 12.800 0.230 0.352 0.006 0.807 3252 10 1936 27 2648 17 60 
TZD-299A 112 0.05 226 98 39250 0.268 0.003 17.020 0.280 0.454 0.007 0.691 3310 12 2411 33 2931 15 73 
TZD-299A 114 0.04 204 21 52550 0.267 0.003 24.980 0.350 0.670 0.009 0.611 3297 10 3307 33 3308 14 100 
TZD-299A 115 0.03 313 166 63150 0.259 0.003 17.730 0.370 0.485 0.008 0.815 3255 10 2544 37 2958 20 78 
TZD-299A 116 0.04 195 56 47700 0.273 0.003 25.150 0.510 0.645 0.011 0.741 3326 11 3197 42 3315 20 96 
TZD-299A 117 0.06 106 75 29950 0.285 0.003 28.890 0.360 0.720 0.009 0.609 3400 10 3497 34 3445 12 103 
TZD-299A 118 0.06 126 54 33600 0.287 0.003 27.270 0.430 0.678 0.010 0.674 3417 10 3338 38 3387 15 98 
TZD-299A 119 4.37 328 177 428 0.208 0.003 7.270 0.130 0.250 0.004 0.751 2896 12 1435 23 2136 16 50 
TZD-299A 120 0.06 147 28 28900 0.265 0.004 21.550 0.440 0.562 0.010 0.662 3282 13 2875 41 3162 21 88 
TZD-299A 121 0.05 151 95 38500 0.279 0.003 27.610 0.380 0.702 0.009 0.707 3368 10 3429 36 3408 14 102 
TZD-299A 122 0.04 188 88 49000 0.287 0.003 27.860 0.320 0.699 0.008 0.608 3408 9 3417 30 3413 11 100 
TZD-299A 123 0.04 207 66 52900 0.277 0.003 25.980 0.370 0.665 0.008 0.718 3356 9 3290 33 3344 14 98 
TZD-299A 125 0.05 167 58 40700 0.280 0.003 27.150 0.290 0.694 0.008 0.616 3363 9 3389 30 3384 10 101 
TZD-299A 126 0.03 280 47 61100 0.276 0.003 23.910 0.450 0.606 0.010 0.825 3345 10 3045 40 3251 19 91 
TZD-299A 128 0.07 114 98 27250 0.286 0.004 29.520 0.520 0.717 0.013 0.605 3404 13 3472 50 3467 17 102 
TZD-299A 129 0.05 149 66 38350 0.286 0.003 29.140 0.330 0.723 0.009 0.602 3404 9 3502 33 3457 11 103 
TZD-159 44 0.000 237 37 56750000 0.270 0.004 25.410 0.390 0.664 0.012 0.647 3320 13 3280 46 3384 17 99 
TZD-159 45 0.000 235 41 55500000 0.271 0.004 25.330 0.360 0.658 0.011 0.655 3327 12 3252 43 3405 14 98 
TZD-159 46 0.044 188 60 42750 0.267 0.003 24.320 0.360 0.637 0.010 0.643 3296 12 3176 40 3396 17 96 
TZD-159 47 0.052 224 232 36250 0.250 0.004 15.790 0.340 0.434 0.010 0.761 3206 15 2331 47 3340 23 73 
TZD-159 48 0.000 289 152 61200000 0.267 0.004 22.160 0.370 0.580 0.012 0.649 3298 15 2951 50 3384 14 89 
TZD-159 52 0.039 197 115 47350 0.267 0.004 25.840 0.380 0.668 0.012 0.650 3296 13 3297 45 3406 18 100 
TZD-159 53 0.047 206 48 39550 0.264 0.005 20.330 0.420 0.537 0.010 0.553 3271 16 2768 42 3400 17 85 
TZD-159 54 0.091 89 74 20500 0.271 0.004 25.620 0.380 0.665 0.011 0.619 3331 13 3276 43 3388 17 98 
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U 2s Conc. 
TZD-159 56 0.071 112 148 26300 0.280 0.005 26.640 0.500 0.665 0.014 0.654 3379 15 3274 56 3339 18 97 
TZD-159 57 0.110 97 88 16950 0.264 0.004 19.900 0.530 0.519 0.013 0.786 3281 16 2682 55 3379 18 82 
TZD-159 58 0.000 330 344 70800000 0.271 0.005 23.180 0.630 0.585 0.015 0.790 3338 17 2969 62 3411 16 89 
TZD-159 59 0.042 253 290 44100 0.252 0.005 17.160 0.350 0.475 0.011 0.526 3197 19 2495 50 3361 17 78 
TZD-159 60 0.000 403 65 65000000 0.249 0.003 15.740 0.450 0.433 0.011 0.859 3194 14 2305 48 3354 24 72 
TZD-159 61 0.000 291 64 65000000 0.264 0.003 24.060 0.340 0.638 0.011 0.756 3282 11 3176 41 3407 17 97 
TZD-159 66 0.078 103 49 23900 0.274 0.006 26.090 0.680 0.658 0.018 0.670 3341 19 3252 72 3410 15 97 
TZD-159 67 0.080 127 54 23300 0.249 0.005 20.830 0.690 0.572 0.018 0.746 3211 23 2885 73 3405 19 90 
TZD-159 68 0.161 54 46 11610 0.278 0.006 25.120 0.620 0.634 0.018 0.630 3375 21 3140 71 3322 15 93 
TZD-159 81 0.071 121 107 26300 0.278 0.004 27.060 0.450 0.681 0.014 0.644 3373 14 3342 52 3322 14 99 
TZD-159 86 0.060 146 129 31150 0.276 0.004 27.690 0.410 0.702 0.013 0.701 3360 12 3408 49 3274 14 101 
TZD-159 88 0.083 103 93 22500 0.275 0.005 27.440 0.460 0.705 0.015 0.635 3351 14 3422 56 2863 21 102 
TZD-159 89 0.145 61 48 12925 0.276 0.006 26.100 0.600 0.668 0.018 0.595 3362 21 3298 69 3184 16 98 
TZD-159 94 0.046 185 214 40850 0.272 0.004 27.130 0.400 0.703 0.012 0.626 3337 13 3434 47 3336 14 103 
TZD-159 95 0.090 97 75 20850 0.272 0.004 27.830 0.510 0.720 0.015 0.661 3331 15 3477 56 3101 19 104 
TZD-159 97 0.042 202 150 44050 0.273 0.004 27.530 0.460 0.713 0.014 0.690 3349 15 3451 53 3327 14 103 
TZD-159 98 0.075 116 100 24850 0.275 0.004 27.230 0.470 0.695 0.013 0.666 3350 13 3381 48 3361 18 101 
TZD-159 99 0.076 122 116 24550 0.276 0.005 26.060 0.480 0.660 0.016 0.620 3358 17 3250 62 3067 27 97 
TZD-159 100 0.070 127 148 26550 0.277 0.005 26.830 0.500 0.687 0.015 0.619 3362 15 3362 56 3228 27 100 
TZD-159 104 0.068 131 104 27550 0.278 0.004 28.040 0.470 0.709 0.014 0.649 3361 13 3444 50 2941 19 102 
TZD-159 105 0.042 215 192 44350 0.273 0.004 26.520 0.460 0.683 0.013 0.758 3338 12 3336 49 2836 27 100 
TZD-159 108 0.104 86 153 18050 0.272 0.007 26.320 0.690 0.672 0.022 0.678 3328 25 3319 88 3268 14 100 
TZD-159 110 0.094 95 69 19810 0.278 0.004 27.940 0.490 0.706 0.015 0.681 3360 15 3435 55 3340 25 102 
TZD-159 114 0.056 161 155 33150 0.275 0.004 27.920 0.430 0.710 0.012 0.692 3360 12 3444 46 3103 33 103 
TZD-159 128 0.079 115 114 23800 0.274 0.005 27.920 0.530 0.710 0.015 0.634 3349 15 3434 57 3306 24 103 
TZD-153 84 0.054 141 46 34750 0.276 0.005 25.480 0.500 0.656 0.015 0.727 3360 15 3200 59 3312 19 95 
TZD-153 85 0.071 95 35 26500 0.277 0.005 27.690 0.520 0.710 0.016 0.740 3360 14 3423 57 3388 18 102 
TZD-153 86 0.000 256 326 53250000 0.263 0.004 18.720 0.660 0.495 0.017 0.865 3278 16 2533 71 2938 38 77 
TZD-153 87 0.000 233 74 57100000 0.283 0.005 25.500 0.470 0.654 0.014 0.637 3379 16 3241 53 3326 18 96 
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U 2s Conc. 
TZD-153 88 0.044 187 233 42350 0.267 0.005 20.430 0.470 0.561 0.015 0.729 3328 17 2830 61 3102 23 85 
TZD-153 89 0.095 76 12 19750 0.282 0.005 26.420 0.500 0.683 0.015 0.665 3408 16 3325 56 3351 19 98 
TZD-153 90 0.000 302 259 78300000 0.286 0.004 26.830 0.430 0.686 0.013 0.661 3415 12 3346 50 3374 16 98 
TZD-153 91 0.056 128 10 33150 0.285 0.005 26.500 0.460 0.679 0.014 0.626 3404 15 3317 52 3356 17 97 
TZD-153 92 0.000 257 63 62850000 0.282 0.005 26.520 0.510 0.685 0.016 0.653 3393 17 3333 59 3356 19 98 
TZD-153 93 0.045 174 93 41500 0.276 0.004 25.340 0.430 0.663 0.013 0.621 3361 14 3256 49 3316 17 97 
TZD-153 94 0.017 454 861 108500 0.254 0.004 23.610 0.500 0.611 0.014 0.780 3225 13 3043 57 3241 21 94 
TZD-153 95 0.058 136 9 32000 0.251 0.005 26.290 0.490 0.671 0.016 0.660 3220 16 3302 60 3350 18 103 
TZD-153 96 0.024 350 617 77000 0.251 0.004 23.510 0.460 0.602 0.013 0.726 3205 15 3010 52 3237 19 94 
TZD-153 97 0.000 240 348 57900000 0.258 0.004 26.720 0.530 0.674 0.016 0.763 3255 15 3254 58 3347 18 100 
TZD-153 98 0.062 129 21 30350 0.250 0.004 26.250 0.480 0.664 0.014 0.622 3227 17 3279 55 3348 18 102 
TZD-153 99 0.057 138 64 33050 0.252 0.004 26.570 0.460 0.691 0.013 0.654 3212 14 3373 51 3363 17 105 
TZD-153 100 0.053 155 10 35000 0.254 0.004 25.560 0.430 0.668 0.013 0.665 3222 14 3287 51 3322 17 102 
TZD-153 101 0.063 119 21 29450 0.268 0.004 28.130 0.500 0.701 0.014 0.655 3320 15 3397 54 3412 18 102 
TZD-153 102 0.056 145 72 33150 0.263 0.005 25.690 0.490 0.661 0.014 0.662 3287 17 3265 55 3331 19 99 
TZD-153 103 0.000 276 378 53500000 0.266 0.004 19.480 0.580 0.502 0.015 0.821 3288 15 2592 64 3040 29 79 
TZD-153 104 0.000 256 236 57100000 0.265 0.004 25.910 0.380 0.672 0.012 0.631 3300 13 3298 46 3337 14 100 
TZD-153 105 0.000 454 646 78000000 0.257 0.004 19.110 0.530 0.509 0.014 0.819 3245 15 2613 60 3008 27 81 
TZD-153 106 0.030 302 309 61500 0.261 0.005 24.420 0.480 0.646 0.014 0.654 3262 17 3189 51 3279 19 98 
TZD-153 107 0.000 341 445 69300000 0.262 0.004 24.070 0.490 0.630 0.014 0.795 3272 14 3103 52 3249 18 95 
TZD-153 108 0.025 384 321 73500 0.261 0.007 25.960 0.980 0.688 0.028 0.804 3277 27 3320 100 3318 35 101 
TZD-153 109 0.052 168 69 36150 0.258 0.004 26.250 0.480 0.679 0.014 0.640 3263 15 3326 54 3347 18 102 
TZD-153 110 0.042 333 483 44650 0.215 0.004 12.450 0.310 0.393 0.010 0.724 2979 18 2116 48 2625 23 71 
TZD-153 111 0.072 119 56 25800 0.261 0.004 25.540 0.450 0.669 0.014 0.691 3266 15 3279 54 3321 17 100 
TZD-153 112 0.089 99 69 21080 0.276 0.006 26.600 0.620 0.666 0.018 0.596 3363 21 3240 68 3359 23 96 
TZD-153 113 0.068 129 103 27700 0.269 0.004 26.950 0.520 0.685 0.015 0.736 3313 15 3327 55 3358 19 100 
TZD-153 114 0.040 300 430 46550 0.253 0.005 17.040 0.410 0.475 0.012 0.759 3235 16 2471 51 2909 22 76 
TZD-153 115 0.000 350 142 68800000 0.265 0.005 23.530 0.520 0.631 0.016 0.694 3292 17 3146 61 3242 21 96 
TZD-153 116 0.000 395 629 72250000 0.268 0.004 20.210 0.430 0.536 0.013 0.746 3311 14 2738 53 3089 21 83 
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U 2s Conc. 
TZD-153 117 0.042 212 41 44350 0.273 0.004 25.440 0.430 0.659 0.013 0.678 3334 13 3239 50 3321 16 97 
TZD-153 118 0.069 134 152 27100 0.276 0.005 24.240 0.490 0.628 0.015 0.681 3373 17 3110 58 3272 20 92 
TZD-153 119 0.043 211 137 43350 0.267 0.005 25.390 0.500 0.688 0.016 0.459 3307 17 3323 59 3319 19 100 
TZD-153 120 0.000 341 632 67150000 0.273 0.004 23.050 0.420 0.601 0.013 0.711 3348 15 3014 50 3217 17 90 
TZD-153 121 0.000 236 292 50900000 0.266 0.004 25.080 0.450 0.671 0.013 0.645 3292 15 3296 49 3311 17 100 
TZD-153 122 0.058 249 378 32450 0.285 0.006 15.560 0.440 0.384 0.012 0.714 3409 21 2057 53 2818 27 60 
TZD-153 123 0.000 319 463 66150000 0.269 0.005 24.880 0.620 0.661 0.017 0.680 3325 18 3218 62 3296 23 97 
TZD-153 124 0.049 321 613 37850 0.257 0.004 14.170 0.340 0.394 0.010 0.754 3245 16 2124 45 2745 23 65 
TZD-153 125 0.044 252 50 42050 0.259 0.005 20.580 0.580 0.567 0.016 0.691 3263 18 2870 63 3101 28 88 
TZD-153 126 0.000 275 74 56050000 0.273 0.004 25.460 0.370 0.659 0.012 0.662 3338 13 3246 45 3323 14 97 
TZD-153 127 0.000 398 96 83750000 0.272 0.004 25.420 0.370 0.654 0.012 0.679 3340 12 3238 45 3320 14 97 
TZD-153 128 0.045 209 222 41250 0.280 0.006 25.860 0.500 0.665 0.015 0.634 3361 17 3264 57 3331 19 97 
TZD-153 129 0.128 90 125 14600 0.248 0.004 17.130 0.420 0.488 0.011 0.738 3189 17 2550 49 2929 24 80 
TZD-153 130 0.043 232 104 43750 0.262 0.005 23.960 0.460 0.644 0.014 0.605 3276 18 3203 53 3261 18 98 
TZD-153 131 0.049 195 50 38150 0.267 0.004 25.210 0.460 0.649 0.014 0.677 3298 15 3205 52 3310 18 97 
TZD-158 74 0.000 432 204 67300000 0.253 0.003 25.660 0.360 0.666 0.012 0.581 3217 13 3284 45 3337 14 102 
TZD-158 75 0.056 278 101 33550 0.213 0.004 15.380 0.460 0.466 0.013 0.789 2948 21 2437 55 2786 31 83 
TZD-158 77 0.000 372 416 54350000 0.250 0.004 22.870 0.380 0.602 0.012 0.547 3200 14 3019 46 3216 16 94 
TZD-158 79 0.128 129 52 14585 0.276 0.005 19.330 0.350 0.446 0.009 0.643 3357 16 2365 42 3056 17 70 
TZD-158 87 0.064 194 165 29050 0.254 0.004 25.640 0.430 0.668 0.014 0.540 3239 16 3273 56 3332 17 101 
TZD-158 82 0.000 534 266 60600000 0.257 0.004 18.430 0.360 0.475 0.012 0.779 3245 14 2474 51 3008 19 76 
TZD-158 83 0.000 583 249 52100000 0.231 0.004 13.630 0.290 0.378 0.009 0.706 3072 17 2054 43 2714 20 67 
TZD-158 84 2.801 664 221 667.6190476 0.195 0.003 6.570 0.130 0.214 0.005 0.661 2812 17 1249 25 2052 17 44 
TZD-158 86 0.053 243 207 35350 0.256 0.004 25.080 0.370 0.629 0.011 0.540 3239 13 3145 45 3312 15 97 
TZD-158 87 0.000 939 376 53600000 0.178 0.003 6.620 0.120 0.234 0.005 0.684 2642 15 1352 25 2060 15 51 
TZD-158 88 0.090 140 119 20800 0.254 0.004 26.090 0.420 0.665 0.013 0.581 3237 14 3266 51 3344 15 101 
TZD-158 89 0.153 84 64 12260 0.257 0.006 25.750 0.550 0.683 0.018 0.520 3254 20 3357 67 3331 21 103 
TZD-158 91 0.201 65 46 9315 0.254 0.005 25.110 0.470 0.648 0.014 0.590 3243 17 3192 54 3299 18 98 
TZD-158 94 0.039 320 352 48500 0.252 0.004 26.140 0.440 0.677 0.015 0.624 3225 14 3326 55 3346 16 103 
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U 2s Conc. 
TZD-158 95 0.086 150 108 21650 0.251 0.004 26.020 0.460 0.676 0.014 0.543 3204 16 3305 53 3344 17 103 
TZD-158 96 0.101 195 203 18500 0.217 0.005 14.760 0.610 0.423 0.016 0.899 2976 27 2233 74 2650 50 75 
TZD-158 97 0.056 227 158 33100 0.249 0.004 24.190 0.440 0.636 0.013 0.664 3205 15 3166 51 3277 18 99 
TZD-158 98 0.088 148 121 21350 0.253 0.004 25.810 0.410 0.657 0.012 0.606 3231 12 3238 46 3330 15 100 
TZD-158 99 0.098 140 127 19150 0.254 0.005 24.780 0.420 0.641 0.014 0.531 3240 16 3170 53 3293 16 98 
TZD-158 100 0.068 198 222 27650 0.258 0.005 26.000 0.470 0.682 0.016 0.557 3248 15 3340 59 3347 18 103 
TZD-158 101 0.059 215 178 31600 0.254 0.004 26.820 0.410 0.685 0.013 0.565 3232 14 3344 50 3368 15 103 
TZD-158 102 0.069 816 183 27100 0.178 0.003 4.350 0.130 0.155 0.005 0.781 2650 24 921 26 1670 25 35 
TZD-158 103 6.086 466 318 307.2874494 0.277 0.005 14.220 0.410 0.343 0.013 0.837 3332 21 1856 60 2724 29 56 
TZD-158 104 0.068 198 150 27650 0.258 0.004 26.130 0.400 0.666 0.012 0.548 3247 14 3273 47 3352 15 101 
TZD-158 105 0.041 338 291 46150 0.252 0.003 24.250 0.350 0.623 0.010 0.492 3216 12 3122 39 3277 14 97 
TZD-158 106 6.839 564 244 273.4299517 0.194 0.005 7.040 0.210 0.246 0.008 0.694 2806 27 1417 39 2119 28 50 
TZD-158 107 0.071 368 263 26500 0.206 0.003 10.460 0.300 0.317 0.008 0.846 2882 19 1760 38 2448 28 61 
TZD-158 108 0.214 62 153 8750 0.265 0.007 27.270 0.720 0.681 0.021 0.605 3281 22 3373 80 3388 25 103 
TZD-158 109 0.065 282 92 28750 0.248 0.004 18.440 0.410 0.476 0.011 0.775 3189 15 2508 47 3006 22 79 
TZD-158 110 0.099 132 95 18905 0.258 0.004 25.840 0.420 0.639 0.013 0.596 3243 16 3169 49 3335 16 98 
TZD-158 111 0.091 144 102 20635 0.258 0.005 26.620 0.490 0.689 0.016 0.631 3246 16 3360 61 3360 18 104 
TZD-158 112 0.003 948 631 565555.5556 0.216 0.005 8.420 0.300 0.271 0.011 0.811 2984 25 1543 58 2275 32 52 
TZD-158 113 0.064 453 122 29200 0.207 0.004 9.300 0.240 0.290 0.007 0.757 2895 20 1632 35 2347 24 56 
TZD-158 114 0.052 257 240 35850 0.256 0.003 25.670 0.360 0.660 0.011 0.539 3247 12 3266 43 3335 14 101 
TZD-158 115 0.052 387 245 35950 0.245 0.004 16.290 0.360 0.435 0.010 0.651 3165 17 2332 44 2885 22 74 
TZD-158 116 0.088 189 59 21350 0.280 0.005 21.700 0.420 0.520 0.012 0.634 3374 16 2678 53 3164 18 79 
TZD-158 117 0.135 110 88 13810 0.251 0.005 22.870 0.530 0.597 0.016 0.639 3220 21 3000 63 3218 22 93 
TZD-158 118 0.103 244 313 18200 0.241 0.004 12.480 0.220 0.337 0.008 0.593 3156 17 1866 38 2632 17 59 
TZD-158 119 0.196 107 212 9540 0.251 0.005 15.330 0.330 0.397 0.010 0.667 3215 18 2134 46 2825 21 66 
TZD-158 120 3.289 509 357 568.503937 0.213 0.003 10.260 0.310 0.314 0.009 0.867 2944 17 1745 45 2432 30 59 
TZD-158 121 0.082 336 483 22700 0.192 0.005 9.510 0.480 0.301 0.012 0.894 2760 35 1665 58 2285 47 60 
TZD-158 124 0.070 285 147 26750 0.237 0.004 13.550 0.440 0.377 0.012 0.867 3114 16 2040 57 2675 32 66 
TZD-158 125 0.059 338 136 31450 0.238 0.004 15.290 0.550 0.409 0.014 0.879 3125 19 2168 63 2753 38 69 
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U 2s Conc. 
TZD-158 126 4.319 335 317 432.9545455 0.272 0.004 22.580 0.410 0.547 0.013 0.585 3318 16 2794 52 3202 18 84 
TZD-158 127 0.069 206 170 26950 0.256 0.004 24.420 0.470 0.629 0.014 0.690 3230 16 3151 54 3287 20 98 
TZD-158 128 0.101 129 128 18500 0.258 0.004 25.740 0.460 0.644 0.014 0.644 3250 15 3194 53 3329 17 98 
TZD-158 130 0.048 663 50 39250 0.212 0.004 9.820 0.480 0.284 0.012 0.909 2940 24 1580 60 2292 44 54 
TZD-199B 34 0.013 209 180 144000 0.280 0.002 25.900 0.200 0.684 0.006 0.663 3371 6 3355 22 3343 8 100 
TZD-199B 35 0.013 224 150 146000 0.265 0.002 22.660 0.200 0.645 0.005 0.670 3288 7 3209 20 3212 9 98 
TZD-199B 36 0.017 193 81 111550 0.242 0.002 18.740 0.340 0.572 0.008 0.873 3141 12 2910 33 3012 19 93 
TZD-199B 37 0.027 132 62 68250 0.230 0.003 16.920 0.310 0.551 0.008 0.697 3055 15 2827 32 2931 17 93 
TZD-199B 38 0.877 278 253 2131.578947 0.277 0.002 22.090 0.320 0.603 0.009 0.836 3346 8 3041 36 3185 14 91 
TZD-199B 40 0.612 275 227 3053.571429 0.281 0.002 22.750 0.180 0.613 0.005 0.695 3370 6 3080 20 3214 8 91 
TZD-199B 41 0.033 81 106 56750 0.285 0.003 27.440 0.290 0.718 0.008 0.621 3395 9 3490 29 3400 10 103 
TZD-199B 42 0.015 220 187 121900 0.251 0.003 18.890 0.300 0.561 0.006 0.748 3198 14 2875 25 3039 15 90 
TZD-199B 43 0.012 252 137 155000 0.269 0.003 23.610 0.230 0.642 0.007 0.575 3309 8 3199 26 3253 10 97 
TZD-199B 45 0.038 73 66 49200 0.274 0.003 26.300 0.260 0.681 0.007 0.572 3337 9 3346 27 3356 10 100 
TZD-199B 46 0.012 212 214 152500 0.265 0.002 26.090 0.250 0.697 0.006 0.710 3283 8 3413 23 3348 9 104 
TZD-199B 47 0.019 176 64 98000 0.198 0.002 15.250 0.230 0.548 0.006 0.702 2800 11 2811 27 2830 14 100 
TZD-199B 48 0.013 208 132 139100 0.266 0.002 24.780 0.340 0.657 0.008 0.822 3292 8 3254 32 3294 14 99 
TZD-199B 49 0.018 158 119 104500 0.256 0.002 23.200 0.250 0.646 0.006 0.731 3232 8 3215 24 3232 11 99 
TZD-199B 50 0.015 196 229 128000 0.258 0.002 22.580 0.350 0.625 0.007 0.782 3247 12 3133 26 3199 16 96 
TZD-199B 53 0.047 74 54 39900 0.249 0.004 19.580 0.320 0.571 0.011 0.607 3182 16 2910 44 3072 16 91 
TZD-199B 54 0.024 144 107 79400 0.221 0.006 18.690 0.800 0.582 0.014 0.878 2955 40 2949 59 2963 44 100 
TZD-199B 55 0.037 79 92 50700 0.274 0.003 26.280 0.310 0.679 0.009 0.673 3336 8 3337 33 3354 12 100 
TZD-199B 56 0.034 89 68 55200 0.242 0.003 22.240 0.290 0.649 0.008 0.688 3137 10 3223 31 3187 13 103 
TZD-199B 59 0.016 186 183 114750 0.247 0.002 22.460 0.380 0.636 0.008 0.826 3182 11 3177 31 3196 17 100 
TZD-199B 60 0.021 142 181 88200 0.271 0.003 27.330 0.310 0.704 0.008 0.778 3318 10 3434 31 3384 12 103 
TZD-199B 61 0.016 255 149 115350 0.172 0.002 12.670 0.160 0.512 0.006 0.840 2589 12 2663 26 2648 12 103 
TZD-199B 62 0.009 332 203 200000 0.257 0.002 23.530 0.400 0.649 0.008 0.826 3237 11 3215 33 3245 17 99 
TZD-199B 64 0.030 96 129 62800 0.282 0.003 27.970 0.260 0.720 0.008 0.572 3381 9 3496 29 3417 9 103 
TZD-199B 66 0.058 65 57 32425 0.175 0.002 12.570 0.120 0.521 0.005 0.502 2613 10 2702 21 2646 9 103 
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U 2s Conc. 
TZD-199B 69 0.054 54 41 34450 0.289 0.005 29.080 0.450 0.716 0.012 0.569 3422 14 3472 46 3451 15 101 
TZD-199B 70 0.045 64 60 41550 0.288 0.004 29.550 0.450 0.728 0.010 0.569 3422 12 3524 39 3470 15 103 
TZD-199B 71 0.029 145 72 64150 0.166 0.002 11.670 0.120 0.484 0.005 0.672 2547 10 2543 21 2575 10 100 
TZD-199B 72 0.033 115 47 56450 0.234 0.003 17.980 0.290 0.545 0.008 0.726 3090 11 2799 33 2987 16 91 
TZD-199B 73 0.035 86 99 53750 0.254 0.003 24.800 0.380 0.688 0.010 0.618 3220 13 3376 37 3297 15 105 
TZD-199B 75 1.231 162 145 1518.796992 0.282 0.003 26.640 0.330 0.685 0.008 0.690 3387 10 3362 30 3369 12 99 
TZD-199B 76 0.034 105 101 55250 0.260 0.003 20.510 0.250 0.586 0.008 0.611 3247 13 2970 31 3117 12 91 
TZD-199B 77 0.017 183 170 110150 0.264 0.003 23.460 0.440 0.653 0.009 0.810 3284 15 3242 35 3235 19 99 
TZD-199B 80 0.037 115 55 50200 0.173 0.002 11.130 0.110 0.481 0.005 0.582 2599 9 2532 20 2532 9 97 
TZD-199B 81 0.018 179 165 102000 0.278 0.003 24.550 0.260 0.662 0.007 0.589 3358 9 3279 28 3288 10 98 
TZD-199B 84 0.012 302 84 161150 0.259 0.002 21.150 0.230 0.585 0.005 0.745 3243 7 2971 22 3148 11 92 
TZD-199B 85 0.005 725 205 345000 0.226 0.005 17.830 0.540 0.570 0.010 0.663 3016 31 2908 41 2978 29 96 
TZD-199B 86 0.016 200 108 118950 0.256 0.002 24.210 0.250 0.673 0.006 0.654 3225 9 3314 24 3275 10 103 
TZD-199B 87 0.036 90 158 51750 0.272 0.003 25.630 0.310 0.676 0.009 0.606 3316 10 3325 34 3332 12 100 
TZD-199B 88 0.019 172 166 96400 0.247 0.003 22.000 0.370 0.629 0.009 0.725 3179 13 3144 35 3181 16 99 
TZD-209 34 0.000 74 48 62350000 0.280 0.003 26.860 0.300 0.688 0.009 0.630 3376 10 3367 34 3375 11 100 
TZD-209 36 0.022 124 68 84500 0.267 0.003 20.440 0.260 0.546 0.008 0.646 3306 11 2806 32 3110 12 85 
TZD-209 37 0.000 143 108 112550000 0.279 0.003 26.240 0.270 0.672 0.008 0.666 3372 8 3315 30 3354 10 98 
TZD-209 38 0.085 28 11 22100 0.277 0.004 26.300 0.350 0.684 0.010 0.612 3362 12 3353 39 3360 13 100 
TZD-209 39 0.065 38 17 28900 0.271 0.003 25.550 0.340 0.673 0.010 0.675 3329 12 3315 40 3323 13 100 
TZD-209 40 0.000 152 118 105600000 0.268 0.003 23.960 0.380 0.627 0.011 0.850 3308 10 3140 42 3257 16 95 
TZD-209 41 0.039 69 26 47850 0.268 0.004 25.530 0.390 0.656 0.011 0.637 3335 17 3257 44 3317 16 98 
TZD-209 42 2.675 93 19 699 0.222 0.006 14.700 0.500 0.456 0.011 0.712 2929 41 2387 50 2715 39 81 
TZD-209 43 0.000 134 71 84900000 0.283 0.003 22.800 0.270 0.585 0.008 0.691 3384 10 2972 31 3218 12 88 
TZD-209 44 0.010 330 78 186500 0.245 0.003 16.980 0.230 0.502 0.007 0.738 3163 10 2617 32 2934 13 83 
TZD-209 45 0.039 72 32 48300 0.287 0.004 25.450 0.310 0.649 0.010 0.616 3412 12 3212 38 3322 12 94 
TZD-209 46 0.000 144 127 101900000 0.274 0.003 26.410 0.320 0.700 0.009 0.665 3337 10 3408 35 3360 12 102 
TZD-209 47 0.000 76 107 52700000 0.282 0.003 26.280 0.300 0.683 0.009 0.618 3379 11 3347 34 3356 11 99 
TZD-209 48 0.048 56 65 39300 0.279 0.003 26.940 0.330 0.708 0.010 0.611 3360 10 3444 36 3380 12 103 
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U 2s Conc. 
TZD-209 49 0.000 144 92 100150000 0.275 0.003 26.160 0.330 0.692 0.009 0.710 3342 9 3384 35 3347 12 101 
TZD-209 50 0.009 303 79 210500 0.272 0.003 25.020 0.260 0.672 0.009 0.682 3325 9 3315 33 3306 10 100 
TZD-209 51 0.016 185 121 120500 0.274 0.003 25.540 0.280 0.677 0.009 0.671 3339 9 3336 35 3325 11 100 
TZD-209 56 0.000 80 52 53000000 0.281 0.003 25.680 0.310 0.653 0.009 0.646 3375 10 3234 35 3334 12 96 
TZD-209 57 0.055 53 35 34150 0.271 0.003 24.240 0.320 0.631 0.010 0.660 3328 11 3152 38 3272 13 95 
TZD-209 61 0.419 9 5 4460 0.243 0.008 15.920 0.660 0.482 0.020 0.767 3165 33 2478 87 2820 41 78 
TZD-209 64 0.000 117 124 64500000 0.278 0.003 27.010 0.330 0.707 0.010 0.641 3359 10 3441 39 3379 12 102 
TZD-209 69 0.000 180 112 99550000 0.265 0.003 24.940 0.340 0.679 0.010 0.630 3292 11 3339 38 3305 13 101 
TZD-209 70 0.014 288 32 130000 0.239 0.003 17.910 0.290 0.540 0.010 0.633 3143 14 2765 41 2990 16 88 
TZD-209 74 0.015 319 118 127000 0.255 0.002 17.000 0.260 0.481 0.008 0.800 3220 10 2522 34 2928 15 78 
TZD-209 76 0.010 361 105 190500 0.259 0.003 24.670 0.340 0.665 0.010 0.656 3255 12 3272 38 3292 14 101 
TZD-209 77 0.032 110 59 58000 0.274 0.004 21.930 0.430 0.570 0.013 0.777 3355 13 2889 52 3173 19 86 
TZD-209 78 0.048 121 56 39300 0.236 0.004 14.100 0.280 0.427 0.008 0.553 3105 20 2282 37 2748 19 73 
TZD-209 80 0.044 83 44 42950 0.274 0.004 25.370 0.360 0.656 0.012 0.665 3347 13 3239 45 3321 14 97 
TZD-
217 





0.012     103636 0.282 0.730 25.182 1.263 0.647 1.031 0.803 3332 12 3215 26 3315 12 96 
TZD-
217 
006-Z2 0.014     89670 0.290 0.768 26.835 1.260 0.672 0.999 0.778 3371 12 3314 26 3377 12 98 
TZD-
217 
009-Z3 0.006     188364 0.276 0.533 25.306 1.373 0.665 1.266 0.918 3295 9 3288 33 3320 13 100 
TZD-
217 
010-Z4 0.024     49537 0.293 0.772 28.672 1.885 0.709 1.719 0.910 3391 12 3454 46 3442 18 102 
TZD-
217 
011-Z5 0.014     85282 0.290 0.596 28.397 1.126 0.711 0.955 0.835 3372 10 3462 26 3433 11 103 
TZD-
217 
012-Z6 0.021     57006 0.288 1.652 28.394 2.542 0.715 1.933 0.756 3363 27 3477 52 3433 25 103 
TZD-
217 




































U 2s Conc. 
TZD-217 021-Z11 0.037 99.7 32092 0.290 9.474 27.839 13.582 0.695 9.732 0.716 3375 152 3403 257 3413 133 101 
TZD-217 022-Z12N 0.020 99.9 60090 0.291 7.472 27.987 10.601 0.699 7.521 0.709 3376 120 3416 199 3419 104 101 
TZD-217 024-Z13 0.008 100.5 157583 0.287 3.667 27.834 5.220 0.703 3.714 0.710 3358 59 3431 99 3413 51 102 
TZD-217 027-Z14N 0.020 99.2 58699 0.293 0.777 27.971 1.287 0.692 1.026 0.783 3390 12 3390 27 3418 13 100 
TZD-217 028-Z14B 0.012 99.4 96285 0.288 0.567 27.273 0.975 0.688 0.793 0.790 3360 9 3374 21 3393 10 100 
TZD-217 034-Z17 0.018 97.0 67193 0.285 0.678 25.583 1.406 0.651 1.231 0.869 3347 11 3231 31 3331 14 97 
TZD-217 035-Z18 0.029 98.7 41208 0.289 1.568 27.101 2.511 0.679 1.962 0.777 3369 25 3342 51 3387 25 99 
TZD-217 039-Z20 0.005 96.9 236232 0.292 0.805 26.423 1.187 0.657 0.873 0.711 3381 13 3257 22 3362 12 96 
TZD-217 040-Z21 0.007 96.7 171021 0.290 0.560 26.115 0.990 0.653 0.816 0.803 3374 9 3240 21 3351 10 96 
TZD-217 041-Z22 0.010 95.7 128438 0.285 0.695 24.825 1.126 0.632 0.885 0.766 3344 11 3159 22 3301 11 94 
TZD-217 042-Z23 0.005 96.3 253726 0.288 0.703 25.564 1.134 0.645 0.890 0.765 3360 11 3208 23 3330 11 95 
TZD-217 045-Z24 0.026 98.7 45773 0.286 0.676 26.693 1.400 0.676 1.227 0.869 3353 11 3330 32 3372 14 99 
TZD-217 046-Z25 0.033 98.6 36386 0.287 0.839 26.729 1.673 0.675 1.448 0.860 3357 13 3327 38 3374 16 99 
TZD-217 051-Z28 0.019 100.2 62201 0.293 0.928 28.493 1.487 0.706 1.161 0.770 3387 15 3444 31 3436 15 102 
TZD-217 052-Z29 0.027 102.0 43559 0.292 0.807 29.354 1.555 0.730 1.329 0.848 3382 13 3533 36 3465 15 104 
TZD-217 053-Z30 0.035 98.7 33921 0.292 1.042 27.575 1.613 0.684 1.231 0.753 3385 17 3361 32 3404 16 99 
TZD-217 057-Z31 0.025 97.6 48389 0.285 1.161 25.940 1.713 0.660 1.260 0.725 3347 19 3265 32 3344 17 98 
TZD-217 060-Z34 0.016 100.7 72224 0.290 1.370 28.421 2.126 0.710 1.626 0.759 3374 22 3459 44 3434 21 103 
TZD-217 063-Z35 0.033 99.6 36599 0.280 0.936 26.270 1.569 0.679 1.259 0.793 3321 15 3342 33 3357 15 101 
TZD-217 065-Z37 0.030 99.8 39416 0.295 1.206 28.610 2.314 0.703 1.975 0.851 3401 19 3432 53 3440 23 101 
TZD-217 066-Z38 0.032 98.5 37784 0.292 0.776 27.365 1.302 0.680 1.045 0.790 3382 12 3346 27 3397 13 99 
TZD-217 070-Z40 0.008 94.7 153526 0.279 0.554 23.551 0.894 0.612 0.702 0.751 3314 9 3076 17 3250 9 93 
TZD-217 071-Z41 0.023 99.9 53129 0.284 1.072 26.931 1.808 0.689 1.455 0.798 3339 17 3377 38 3381 18 101 
TZD-217 072-Z42 0.020 98.8 59886 0.288 0.844 26.969 1.729 0.679 1.509 0.868 3362 14 3341 39 3382 17 99 
TZD-217 075-Z43 0.009 99.4 125871 0.292 0.526 27.868 0.953 0.693 0.795 0.812 3383 8 3393 21 3414 9 100 
TZD-217 076-Z44 0.008 97.9 149525 0.277 0.525 24.893 0.978 0.652 0.825 0.825 3301 8 3235 21 3304 10 98 
TZD-217 077-Z45 0.007 97.2 167289 0.289 0.439 26.178 1.146 0.658 1.058 0.918 3366 7 3258 27 3353 11 97 
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Taable 2: Results of whole-rock geochemical data. 
Amostras TZ_214A TZ_214B TZ_159 TZ_152     TZ_154 TZ_166 TZ_229A TZ_233 TZ_35B   JK_18 TZ_199B JK_17 JK_01 JK_15  
Unidade SV SV SV SV SV SV SV SV SM BV BV BV BV BV  
SiO2 70.71 71.14 67.66 71.5 73.24 74.11 69.38 69.14 68.95 71.54 77.21 71.06 72.29 72.82  
TiO2 0.384 0.341 0.589 0.23 0.148 0.155 0.34 0.4 0.43 0.334 0.154 0.268 0.193 0.274  
Al2O3 15.23 14.81 15.44 15.29 14.85 14.6 15.46 14.91 15.45 14.98 12.72 15.53 14.13 13.58  
Fe2O3 2.63 2.53 4.26 2.11 1.5 1.61 3.45 3.2 3.36 2.98 1.06 2.56 2.11 2.49  
MnO 0.025 0.029 0.055 0.03 0.027 0.026 0.058 0.059 0.05 0.042 0.017 0.027 0.056 0.063  
MgO 0.73 0.71 1.15 0.5 0.47 0.31 0.94 0.8 1.09 0.66 0.47 0.75 0.37 0.81  
CaO 2.66 2.14 3.17 1.81 1.41 1.52 2.44 2.84 3.01 2.62 1.03 3.13 1.45 1.34  
Na2O 5.07 5.2 5.37 5.33 5.06 5 4.98 5.17 5.16 5.07 5.31 4.92 4.48 4.42  
K2O 1.43 1.79 1.34 2.25 3.16 2.77 2.02 1.63 1.57 1.64 1.13 1.28 3.36 2.9  
P2O5 0.141 0.136 0.206 0.09 0.054 0.053 0.155 0.139 0.18 0.1 0.036 0.089 0.069 0.082  
P.F. 0.8 0.92 0.52 0.71 0.35 0.39 0.96 0.72 0.6 0.35 0.58 0.36 0.75 0.52  
Soma 99.8 99.8 99.8   100.3 100.6 100.2 99   100.3 99.7 100 99.3 99.3  
Ba 672 345 441 622 604 696 444 246 100 282 325 212 295 428  
Be 1.3 1.3 1.6 1.0 1.1 1.3 1.9 2.5 2.3 2.0 2.7 1.5 2.5 2.5  
Bi 0.0 0.0 0.1 0.1 0.1 0.0 0.2 0.1 0.0 0.0 0.0 0.0 0.3 0.1  
Cd   0.0 0.0 0.2   0.0   0.0 0.1 0.1 0.1 0.1 0.1 0.1  
Ce 56.8 53.5 153.4 55.7 58.3 37.9 117.7 110.0 98.3 92.0 65.0 46.7 116.1 90.5  
Co 4.8 4.0 7.9 2.4 1.7 1.4 5.7 5.7 7.3 4.1 2.7 4.6 2.4 3.9  
Cr 26.5 11.8 34.8 13.1 24.8 27.1 22.9 27.6 21.4 12.4 23.1 15.6 10.7 10.9  
Cs 0.7 0.8 4.0 1.4 2.3 3.5 2.2 4.3 1.4 1.2 0.1 0.9 0.8 0.9  
Cu 1.1 3.8 18.7 7.7 2.1 3.9 18.8 5.5 8.8 3.1 2.7 1.0 2.2 0.9  
Dy 1.3 1.0 3.3 0.7 0.6 0.6 1.3 3.7 3.2 2.1 3.5 0.7 3.5 5.1  
Er 0.7 0.5 1.5 0.4 0.3 0.3 0.5 1.9 1.5 1.2 1.7 0.3 1.7 2.5  
Eu 0.9 0.8 1.6 0.6 0.7 0.5 1.1 1.3 1.0 0.6 0.7 0.5 0.7 0.7  
Ga 17.9 17.7 18.6 17.1 15.3 15.3 19.2 19.2 22.4 20.5 15.1 17.1 21.7 19.7  





Amostras TZ_214A TZ_214B TZ_159 TZ_152     TZ_154 TZ_166 TZ_229A TZ_233 TZ_35B   JK_18 TZ_199B JK_17 JK_01 JK_15  
Hf 6.6 5.3 7.4 3.8 3.1 3.6 5.4 6.3 6.2 6.1 5.8 4.3 6.4 6.7 
Ho 0.2 0.2 0.6 0.1 0.1 0.1 0.2 0.7 0.6 0.4 0.6 0.1 0.6 0.9 
La 41.1 27.8 98.1 39.1 33.5 25.4 75.0 60.5 55.4 40.8 43.9 26.3 75.1 58.4 
Li 12.5 9.3 66.2 19.2 18.5 48.2 33.9 43.7 24.3 28.6 5.2 16.0 12.6 27.8 
Lu 0.1 0.1 0.2 0.0 0.0 0.0 0.1 0.2 0.2 0.2 0.2 0.1 0.2 0.3 
Mo 0.0   0.4 0.3   0.2 0.1 0.3   0.2 0.2 0.2 0.3 0.2 
Nb 6.9 6.7 10.9 3.2 2.6 2.6 5.3 13.8 15.4 9.3 12.6 4.8 14.4 26.9 
Nd 22.2 16.3 60.5 21.5 17.0 13.6 41.2 40.6 33.6 21.7 29.1 12.3 47.4 37.3 
Ni 6.7 8.5 9.6 1.2 2.2 1.0 6.2 4.9 16.5 2.2 5.9 7.8 2.0 7.4 
Pb 9.4 12.2 16.8 19.4 19.9 19.6 21.5 19.1 17.3 13.4 10.5 8.3 24.8 16.3 
Pr 7.0 5.1 18.5 7.1 5.6 4.5 13.2 11.9 10.1 6.9 9.0 4.0 14.6 11.6 
Rb 29.0 50.5 44.0 38.2 61.0 69.1 67.5 64.6 83.5 72.4 11.6 41.8 74.2 57.2 
Sb 0.0 0.0 0.0   0.0 0.1 0.1 0.1   <LD 0.0 0.1 <LD 0.1 
Sc 1.7   4.8 1.3     1.4 3.9 5.3 1.6 1.5 <LD 2.2 3.2 
Sm 3.3 2.5 8.5 2.7 2.1 1.8 5.1 6.8 5.7 3.3 5.2 1.7 8.2 6.6 
Sn 1.1 1.1 2.1 0.5 0.8 0.8 0.8 2.3 2.1 2.2 1.9 1.3 2.3 6.8 
Sr 424.0 312.1 412.1 466.4 376.7 356.3 440.6 455.0 303.7 248.6 85.2 179.3 73.7 58.8 
Ta 0.5 0.4 1.2 0.3 0.2 0.3 0.2 1.9 0.9 0.9 0.9 0.3 1.2 1.1 
Tb 0.3 0.2 0.7 0.2 0.1 0.1 0.3 0.7 0.6 0.4 0.6 0.1 0.8 0.9 
Th 12.6 10.5 18.8 7.1 6.9 6.1 13.5 18.1 20.4 11.9 15.2 7.1 25.4 15.7 
Tm 0.1 0.1 0.2 0.0 0.0 0.0 0.1 0.3 0.2 0.2 0.2 0.0 0.2 0.3 
U 1.2 1.0 1.5 0.6 0.6 0.7 1.3 5.7 1.4 1.2 0.8 0.9 3.1 1.0 
V 17.4 18.6 43.7 14.9 10.3 6.9 20.3 26.2 31.3 19.5 15.2 21.2 11.5 15.4 
W 0.1 0.1 0.1 0.3 0.2 0.2 0.3 0.2 0.1 0.0 0.2 0.0 0.0 0.1 
Y 6.4 5.0 14.7 4.0 2.9 3.2 6.3 18.1 15.7 14.3 17.1 3.6 18.9 27.4 
Yb 0.6 0.4 1.1 0.3 0.2 0.3 0.5 1.6 1.2 1.0 1.5 0.3 1.5 1.9 
Zn 38.3 38.3 66.2 39.8 32.2 30.2 64.0 68.3 66.0 51.7 9.8 25.1 54.6 46.6 
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Institute of Geosciences, University of Campinas – UNICAMP, SP, Brazil.  
The low-grade Contendas-Mirante meta-volcano-sedimentary belt (CMB) was 
previously interpreted as an Archean greenstone belt with the uppermost unit deposited 
in the Paleoproterozoic. New zircon U-Pb LA-ICP-MS ages on sedimentary units and 
granite sheets intrusive in the belt constrain the timing of basin development. Grey 
phyllites of the Lower Unit and meta-arenites of the Upper Unit yielded the most 
abundant zircon populations respectively at 2115 Ma and 2070 Ma, the latter age is 
interpreted as the maximum deposition age for the entire sequence. A granite sheet 
intrusive into metagraywacke of the Lower Unit constrains the minimum deposition age 
of 2035 ± 10 Ma for the CMB. Zircon grains from possible volcanic sources found in 
narrow layers in both Lower and Upper units yielded a concordia age of 2140 ± 20 Ma, 
which is considered the best age estimate for active basin infill. Altogether four main 
age groups of detrital zircon grains were recognized, namely 2070-2200 Ma, 2200-2410 
Ma, 2550-2830 Ma, 3240-3370 Ma, and a minor cluster at 3042-3188 Ma. These age 
intervals match the ages of igneous and metamorphic rocks in the Itabuna-Salvador-
Curaçá Orogen, Jequié and Gavião blocks. The great abundance of ca. 2070 Ma zircon 
grains indicates that sedimentation occurred during the high-grade metamorphism in the 
adjacent Archean-Paleoproterozoic Jequié Block and Itabuna-Salvador-Curaçá Orogen. 
These observations, along with coarsening upwards in the sediments, indicate that the 
CMB represents a foreland basin developed along the eastern margin of the Gavião 
Block during plate convergence.  
Keywords: Detrital zircon; Contendas-Mirante Supracrustal Belt; Paleoproterozoic 






 The Contendas-Mirante supracrustal belt developed at 2.10 ± 0.05 Ga. 
 Basin infill during Paleoproterozoic continent-continent collision 
 The main source areas are the surrounding terranes: ISCO, Jequié and Gavião 
blocks. 
 3.30 Ga felsic volcanics and uplifted 3.4-3.3 Ga gneiss domes as basement.  
 Extrusion of domes upright the 2.1 Ga rocks, correlating with ~2.03 Ga 
magmatism. 
1. Introduction 
The original stratigraphy of Precambrian basins is in most cases erased by later 
deformation and metamorphism. In addition, an incomplete geological record or 
absence of continuous outcrop means reconstructing the sedimentary and tectonic 
evolution of a given basin relies heavily on geochronological and isotopic data. 
Determining the provenance of metasedimentary rocks using precise age dating of 
detrital zircon grains and volcanic rocks conformable with sedimentary layers is a 
robust tool to establish the maximum age of sediment deposition and basin formation 
(e.g. Wang et al., 2008; Ávila et al., 2014; Guadagnin et al., 2015). In the absence of 
datable syn-sedimentary volcanism, the dating of igneous units that crosscut the 
sedimentary sequence constrains the timing of sediment deposition and basin closure, 
defining a restricted time range for basin development (Davies, 2002; Grisolia and 
Oliveira, 2012; Ancelmi et al., 2015).  
The São Francisco Craton (SFC) represents a continental fragment stabilized at the end 
of the Paleoproterozoic (Teixeira et al., 1996; Silva et al., 2002; Barbosa and Sabaté, 
2004). Only in recent years has the evolution and tectonic significance of its 
sedimentary basins been disclosed, particularly after the opening of several new LA-
ICP-MS laboratories in several Brazilian universities. In the northern part of the SFC 
four accreted Archean blocks represent the basement of the craton: Gavião Block, 
Jequié Block, Serrinha Block and Itabuna-Salvador-Curaçá Orogen (Barbosa and 
Sabaté, 2004). Geochronological constraints indicate that regional metamorphism 
resulting from crustal thickening during collision of the blocks took place around 2.08-
2.04 Ga (Barbosa and Sabaté, 2004; Oliveira et al., 2004a, 2010a; Leite et al., 2009). In 
addition to high-grade gneisses and plutonic igneous rocks, two of the above blocks also 
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contain low-grade supracrustal sequences, such as the Archean Umburanas (e.g. 
Menezes Leal et al., 2015) and Mundo Novo (Peucat et al., 2002) greenstone belts in the 
Gavião block and the Paleoproterozoic Rio Itapicuru (Kishida and Riccio, 1980; Silva et 
al., 2001; Oliveira et al., 2010b) and Rio Capim (Oliveira et al., 2011) greenstone belts 
in the Serrinha block. Another low-grade supracrustal sequence occurs between the 
Gavião and Jequié blocks, called the Contendas-Mirante volcano-sedimentary belt 
(CMB), however, prior to this study, its age and stratigraphy was a matter of contention. 
Previous U-Pb geochronological studies on the CMB belt have yielded zircon ages 
between 3.40 Ga and 3.35 Ga on granitic domes (Nutman and Cordani, 1993; Martin et 
al., 1997), 3.30 Ga on felsic volcanic (Marinho et al., 1994b), and about 2.16 Ga on a 
conglomerate of the upper sedimentary unit (Nutman et al., 1994). However, 
uncertainty remains as to whether the sequence's older sedimentary units were Archean 
or Paleoproterozoic. In order to establish precise and accurate time constraints on the 
evolution of the CMB, this study reports new zircon U-Pb ages for metasedimentary 
and intrusive rocks of the belt, and discusses possible sources of the detrital zircon 
populations in light of comparable sedimentary sequences in the São Francisco. 
2. Geologic Setting 
The eastern border of the Gavião block (3.45 to 3.30 Ga) is delineated by a north-south, 
600 km-long linear tectonic structure, the Contendas-Jacobina lineament (Sabaté et al., 
1990). This lineament represents a Paleoproterozoic accretionary zone, and is 
dominated by major continental strike-slip faults. Peraluminous granitic intrusions 
occur along the lineament and are related to Himalayan-type continent-continent 
collision (Sabaté et al., 1990; Cuney et al., 1990). Different supracrustal sequences 
occur along this lineament, some of which are akin to greenstone belts and lacking clear 
tectonic significance. Two of those supracrustal sequence present evidence to be, at 
least in part, of Paleoproterozoic age (Nutman et al. 1994; Mougeot, 1996), and the 
correlation between than is matter of contention. The CMB is located in the southern 
part of the Contendas-Jacobina lineament, while the Saúde Complex occurs at the 
northern part (Fig. 1). The CMB represents a 190 km-long, N-trending synform pinched 
between the Archean Jequié and Gavião blocks. The medium grade granite-gneiss 
massifs of the Gavião Block occur south-east of the supracrustal belt, forming domes up 
to 80 km long within the CMB (Fig. 2). These 3.40-3.35 Ga domes form the oldest 
continental nuclei of São Francisco craton (Nutman and Cordani, 1993; Martin et al., 
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1997). The contact between metasedimentary rocks of the CMB and the domes is 
tectonic. The exhumation of those domes up-right the sediments of the CMB and 
developed metamorphic aureole characterize by porphyroblasts of chloritoid and 
cordierite (Fig. 3). The 3.30 Ga felsic volcanic of Entroncamento Village were 
originally assigned to the Lower group of the CMB (Marinho et al., 1994a and b). The 
Jequié block corresponds to the lower crustal segment of an Archean terrane; and is 
composed mainly of 2.8-2.5 Ga granulite of charnockitic to enderbitic composition 
(Silva et al., 2002; Barbosa et al., 2004). In the east, the tectonic contact between the 
Jequié block and sedimentary rocks of the CMB is marked by the N-trending vanadium-
bearing Rio Jacaré gabbroic intrusion and sheared hornblende monzogranitic gneisses, 
whereas in the west the relationship between rocks of the CMB and the Gavião block is 
constrained by reactivated faults that thrust the supracrustal belt over or unconformably 
overlie the rigid block. From west to east the metamorphic grade increases from low 
greenschist to upper-greenschist/low-amphibolite facies. To the north and south, the 
supracrustal sequence branches out into narrow belts, interfingering with gneisses and 
migmatites of the Gavião block.  
 
Fig. 1: Simplified geological map of the São Francisco Craton. Paleoarchean (3.6 – 3.0 Ga) 
terranes: G - Gavião Block, including the Porteirinha, Itapetinga, Gavião, Mairi, Sobradinho and 
Remanso complexes; S - Serrinha Block. Santa Bárbara - southern São Francisco craton;. Early 
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Neoarchean (3.0 – 2.7 Ga) terranes: BH – Belo Horizonte; G – Guanhães; J – Jequié. Late 
Neoarchean to Early Paleoproterozoic (2.6 2.1 Ga) terranes: 1 – Itabuna-Salvador-Curaçá; 2 – -
Esplanada-Boquim Belt; 3 – Mineiro Belt; 4 – Mantiqueira/ Juiz de Fora complexes. 
Supracrustal sequences: a- Contendas-Mirante; b- Jacobina and Mundo Novo (black, undivided) 
and Saúde (grey); c- Riacho de Santana; d- Urandi; e- Licínio de Almeida; f- Ibitira-Ubiraçaba; 
g- Guajeru; h- Brumado; i- Rio Itapicuru/Monteiro; j- Rio das Velhas (black) and Minas. Paleo- 
to Mesoproterozoic supracrustal sequences includes the Chapada Diamantina and Espinhaço. 
Modified after Silva et al., 2015. Red arrow indicates map of the Contendas-Mirante 
supracrustal belt shown in Fig. 2. 
Although metamorphism, deformation and tectonic imbrications make it hard to 
understand the original stratigraphy and chronological relationships between formations 
of the CMB, we adopt the original stratigraphy of Marinho et al. (1978), which was 
built considering field observations and detailed petrography description (> 800 thin 
section). As such, the CMB is informally divided into two units and five formations 




Fig. 2: Simplified geological map of the Contendas-Mirante supracrustal belt (modified after 
Marinho et al., 1978). Basement domes, Gavião Block: SV – Sete Voltas, M – Meiras, BV – 
Boa Vista, LM – Lagoa do Morro. 
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The lower Jurema-Travessão Formation is here divided into two sub-formations: the 
Travessão sub-formation and the Jurema Leste sub-formation. The Travessão sub-
formation in its type area, NW of the belt, is essentially composed of crenulated meta-
claystone, grey phyllites associated with carbonaceous matter, reworked chert and 
banded iron formations (Fig. 4 A and B). A banded iron formation yielded a Pb-Pb 
isochron at 3256±51 Ma, which was interpreted as the age of sediment deposition 
(Marinho et al., 1994b). The Jurema Leste sub-formation is composed of meta-basalts 
and meta-andesites with minor interlayered schists, BIF and meta-ultramafic rocks. The 




Pb zircon evaporation age of 2500 Ma and Nd model 
ages ranging from 3.45 to 3.00 Ga (Marinho et al., 1994b). The transitional contact of 
the Jurema Leste sub-formation with the overlaying Santana Formation led to the 
dismissal of Santana Formation by Marinho et al. (1994a). Marinho et al. (1978) 
described the Santana Formation as biotite-garnet schist, intercalated with amphibolite, 
meta-basalts, meta-andesites and calc-silicate rocks (Fig. 4 C and D). On the other hand, 
the overlaying Barreira D’Anta Formation is a small, heterogeneous, undivided 
formation composed mainly of metapyroclastic rocks and minor intercalation of 
siliciclastic metasedimentary layers. In spite of metamorphism and deformation some 
rocks still preserve igneous and sedimentary primary structures like amygdales, 





Fig. 3: Field aspects of the metasediments of the Contendas-Mirante supracrustal belt modified 
by the extrusion of Paleooarchean basement domes and intrusive granite. A) Up-right 
metagraywacke with compositional bedding of the Mirante Formation, situated between the 
Sete Voltas and Serra dos Meiras domes. B) Up-right metarenite with cross-stratification of the 
Areião Formation, western border of Sete Voltas dome. C) Phylite schist of Mirante Formation, 
western border of Serra dos Meiras dome. Observe the distinct textural feature characterize by 
elongated porphyroblasts of chloritoid, quartz and cordierite dispersed in micaceous matrix 
bearing andalusite; D) Compositional layering of biotite-schist of Santana Formation (sample 
TZD-85). Observe the glomeroporphyroblastic texture developed due the action of 
Paleoproterozoic intrusive granite (sample TZD-85). 
The Upper Unit is represented by the Mirante, Rio Gavião and Areião formations, and 
which may correspond to different metamorphic facies of the same siliciclastic 
lithotypes, which originally coarsened upwards. The Mirante Formation consists mainly 
of schist, phyllite and meta-greywacke (Fig. 4 D). The schist presents distinct textural 
features, characterized by elongate (up to 10 cm) dark gray to greenish porphyroblasts 
of chloritoid, quartz and cordierite. These can be oriented or randomly dispersed in a 
light gray (fine to medium grained) micaceous matrix, locally bearing andalusite (Fig. 3 
C). The Rio Gavião Formation may correspond to the low grade metamorphic facies of 
the Mirante Formation, and consists of gray to gray-green phyllite. Marinho et al. 
(1994a) interpreted these formations as deposits from a flysch-type basin with epiclastic 
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and pelitic-psammitic sediments associated with minor volcanoclastic components. The 
uppermost Areião Formation contains meta-arenites and meta-arkoses with decameter 
to meter-scale cross bedding stratification, and millimeter to centimeter-scale dark 
layers enriched in magnetite and hematite (Fig. 3 B). The Upper Unit was generated at 
the transition from an epicontinental to a marine environment, with associated fluvial-
deltaic facies (Marinho et al., 1994a). Its maximum depositional age has been 
established as 2.16 Ga by detrital zircon U-Pb SHRIMP dating on an orthoconglomerate 
(Nutman et al., 1994). Two other significant zircon populations yielded ages between 
2.4-2.3 Ga and 2.7-2.6 Ga. The Lower Unit has no such constraint on it, and could be 
interpreted as an older supracrustal sequence akin to greenstone belt based on Pb-Pb 
isochron on BIF and the U-Pb age of felsic volcanic. 
 
Fig. 4: Field aspects of the metasediments of the Contendas-Mirante supracrustal belt. A) 
crenulated phyllite of basic composition of Travessão sub-formation (sample TZD-10); B) black 
shale associated with carbonaceous matter of Travessão sub-formation C) biotite-garnet schist 
of Santana Formation (sample TZD-201); D) Metagraywacke with cross bedding and 
millimetric to centimetric dark layers enriched in biotite, locally bearing garnet (sample TZD-5). 
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3. Sampling and analytical procedures 
3.1 Sampling 
Samples were chosen to represent the full range of stratigraphic and metamorphic 
conditions as they change from east to west (Fig. 2). Samples were collected from 
unweathered outcrops and rocks hosting quartz and carbonate veins were avoided to 
ensure newly formed zircon xenocrysts did not contaminate samples. Ten samples of 
metasedimentary rocks and two samples of intrusive granites were collected for zircon 
LA-ICP-MS geochronology (Table 1; supplementary data). 
3.2. Sample preparation 
Samples were disaggregated and comminuted using a jaw crusher and disk mill at the 
University of Campinas. Heavy minerals were concentrated by panning in water and 
density separation in methylene iodide. The diamagnetic zircon grains were separated 
using a Frantz magnetic separator. More than 120 zircon grains per sample were 
handpicked under a binocular microscope; all types of grain shape and color were 
included. When only a few dozen zircons were separated from a sample, all were picked 
for further study. The grains were mounted in epoxy resin and polished to half height to 
expose any growth zoning. The internal structures were revealed by 
cathodoluminescence (CL) imaging using a LEO 430i (Zeiss Company) SEM equipped 
with an Oxford energy dispersive spectroscopy system and a Gatan Chroma CL detector 
(Fig. 5). 
3.3. Analytical technique 
U–Pb ages were measured by laser ablation mass spectrometry at the University of 
Brasilia using a Thermo Finningan Neptune multicollector mass spectrometer attached 
to a New Wave UP213 Nd-YAG laser. The typical laser settings were a spot size of 
25μm, a frequency of 11 Hz, and a fluence of approximately 0.8 J/cm2. Argon (approx. 
0.90 L/min) and helium (approx. 0.40 L/min) were used to remove the ablated material. 
The international zircon GJ-1 (614 Ma; Jackson et al., 2004) was used in a standard-
sample bracketing method, accounting for mass bias and drift correction, and the 
standard 91500 (1068   Ma; Wiedenbeck et al. 1995) as the secondary standard to check 
the correction; all uncertainties were propagated in quadrature. Ratios were calculated 
using according to the method described by Bühn et al. (2009). The resulting correction 
factor for each sample analysis considers the relative position of each analysis following 
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the sequence of 1 blank, 2 GJ-1 standard, 1 91500 standard, 8 zircon grains from the 
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U ages for detrital zircon from metasediments and less than 5% 
for igneous zircon from intrusive granites. Concordia plots and discordant arrays were 
calculated using Isoplot 3.07 (Ludwig, 2003). The detrital age distribution is plotted 




Pb age ± 2 SD (standard deviation). The complete geochronological data set of 
the U-Pb analyses is in the data repository (Table 2 and 3, appendix). A total of 667 





Fig. 5: Cathode-luminescence images of a representative selection of detrital zircon grains 
labeled with sample, grain number and 207Pb/206Pb age (supplementary data table 1). White 




4.1. Lower Unit 
 
Fig. 6: U-Pb LA-ICP-MS results for detrital zircon grains of the Lower Unit from the 
Contendas Mirante Belt. The left column represent concordia diagram and the right column 
present the Kernel density estimation plot. Distribution frequency is for less than 10% 
discordant grains. A) Quartzite that surrounds the 3.3 Ga felsic volcanic most likely represents a 
slice from older units and may not be part of the CMB (see text for discussion). 
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4.1.1. Travessão Formation 
Sample TZD-6 was collected from a quartzite with layers of conglomerate and 
recrystallized quartz pebbles, and rare millimeter-size micaceous layers. The quartzite 
ridge crops out continuously for at least 20 km in the N-S direction, and one kilometer 
south of 3.30 Ga felsic volcanic (Marinho et al., 1994 a, b).  Importantly, field relations 
between the quartzite and the 3.30 Ga volcanic could not be established due to lack of 
exposures above soil cover. 79 out of 87 analyzed zircon grains are less than 10% 
discordant (Fig. 6a).  Zircon grains are broken and inequant, with sub-spherical forms 
and rarely preserving prismatic habit. The grains are colorless, light pink, pale yellow to 
dark brown, with concentric oscillatory zoning, and some of them have pitted surfaces, 
suggestive of abrasion during sediment transport. The main age cluster forms a 
discordant array from 3330 Ma to 3270 Ma (96% of total grains) with an intercept age 
of 3310 ± 6 Ma. The maximum depositional age of the sediment protolith is 3296±7 Ma 
based on the youngest cluster of 7 zircon grains. The mean age of this sample matches 
the crystallization age of the nearby 3.30 Ga Entroncamento Rhyolite, and contrasts 
markedly with all other samples studied in the CMB. 
Sample TZD-10 is a grey phyllite associated with chert and carbonaceous matter. 
Zircon grains are mostly small (100 to 200 μm), have prismatic habit, and range from 
almost euhedral to sub-euhedral pink to brown fragments. 68 out of 77 analyzed zircon 
grains are less than 10% discordant (Fig. 6b).  The main age cluster ranges from 2218 
and 2107 Ma (90% of total grains). The maximum depositional age is ca. 2115-2112 
Ma using 4 zircon grains. Two minor peaks are at 3300 Ma (8% of total grains) and 





Pb zircon age of 3581±15 Ma and 3894±15. 
4.1.2. Santana Formation 
Sample TZD-85 is an albite-biotite hornfels at the contact with the intrusive pink granite 
(sample TZD-86). Biotite is as abundant as plagioclase (ca. 20-25% each), and quartz 
comprises 55%. Accessory minerals include muscovite, zircon and opaques. Zircon 
grains range from 80 to 300 μm and are mostly sub-rounded to euhedral short prism. 
Grains color ranges from pink to light brown and growth zoning is well observed on CL 
imagery. 49 zircon grains were analyzed, of which 29 are less than 10% discordant (Fig. 
6c). The grains range in age from 1981 to 2182 Ma. Considering all grains a discordia 
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gives an upper intercept age at 2182±18 Ma, and a lower intercept age of 479±94 Ma. 
The most concordant grains intercept the concordia at 2121±10 Ma (MSWD=1.9). 
Sample TZD-20 is dark grey schist that unconformably overlies gabbroic rocks 2 
kilometers west of the Rio Jacaré basic-ultrabasic intrusion. Herein, it is not clear 
whether the gabbroic rock should be considered as part of the volcano-sedimentary 
sequence or if it is part of the Rio Jacaré gabbroic intrusion. The sample was collected 
from a few-meter thick schist intensely intruded by syn-deformation quartz veins. The 
schist is composed of magnetite, biotite, plagioclase, quartz, and garnet. Spinel, apatite, 
zoisite, and epidote occur in minor abundance. Zircon grains range from 50 to 200 μm 
in length and are mostly clear and colorless, but pink, yellow and brown types also 
occur. Grain shape ranges from euhedral to distinctly round and from prismatic to 
angular fragments, attesting the detrital nature of the sample. Some of the grains have 
pitted surface, suggestive of abrasion during sedimentary transport. This sample yielded 
88 zircon grains, of which 53 grains are concordant within 10%. Four main age clusters 
were recognized (Fig. 6d). The youngest and larger cluster ranges in age from 2222 to 
2116 Ma (50% of total). These grains are prismatic (2:1), colorless or brown, with 
inclusion and concentric oscillatory zoning. Three younger grains yielded a mean age of 
2124±14 Ma, indicating the maximum depositional age of the protolith. Two others 
peak not reported elsewhere in the São Francisco Craton were identified in this sample: 
(i) 2209 Ma to 2200 Ma (15% of total) and 2377 Ma to 2320 Ma (10 % of total). Older 
Neoarchean zircon grains range from 2750 Ma to 2570 Ma (36% of total). These grains 
are distinctly rounded or fragmented and present oscillatory zoning. Paleoarchean 




Pb age of 
3349±6 Ma. 
Sample TZD-201 is from the eastern border of the 3.35 Ga Boa Vista Dome (Nutman 
and Cordani, 1993). It represents part of narrow garnet mica schist belt in-between 
gneiss-migmatite terranes. The sample is light grey garnet mica schist. Although more 
than 5 kilograms have been collected only 8 zircon grains were obtained, of which 7 
grains are concordant within 10%. Zircon grains are mostly prismatic, and range from 
almost euhedral to sub-euhedral fragments of brown color. Two grains corroborate the
 
2.0-2.1 Ga maximum deposition age of the protolith. Three zircon grains have ages 
between 2.47 and 2.58 Ga, whereas two other grains are ca. 3.3 Ga (Fig. 6e). 
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4.2. Upper Unit 
 
Fig. 7: U-Pb LA-ICP-MS results for detrital zircon grains of Upper group from the Contendas 
Mirante Belt. The left column represent concordia diagram and the right column present relative 
probability diagram. Distribution frequency for less than 10% discordant grains. 
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4.2.1. Mirante Formation 
Sample TZD-3 is a violet to pale green chloritoid meta-siltite. A few rounded blocks of 
meta-chert can be observed within the meta-siltite. Although this lithotypes are 
commonly described as part of the Lower Unit's Barreiro D’Anta formation we follow 
Marinho et al. (1978) and consider this outcrop as the basal section of the Mirante 
Formation. Consequently, we may infer a transitional contact between the Lower 
Barreiro D’Anta and the Upper Mirante formations. This sample yielded only 22 zircon 
grains and 16 yielded reliable U-Pb ages (Fig. 7a). Zircon grains are mostly clear, 
shorter than 160 μm, prismatic (2.5-2:1) to sub-rounded (3.5:2.5) and colorless to light 
orange. The dominant population consists of Paleo- to Mesoarchean zircon grains 
ranging from 3570 to 3100 Ma (75% of total), with main cluster between 3380 and 
3240 Ma. A minor Neoarchean zircon population ranges from 2740 to 2500 Ma (20% of 




Pb ages of 
2134±26 and 3569±23 Ma, respectively. 
Sample TZD-4 is a meta-greywacke characterized by thin (0.5 mm) layers of sericite 
and muscovite associated with partially altered grains of euhedral plagioclase, fractured 
and faceted quartz, few euhedral garnet grains (0.5 mm), biotite, and opaques. The 
disappearance of chloritoid and the appearance of euhedral garnet associated with 
biotite indicate a metamorphic grade between upper greenschist and lower amphibolite 
facies. Zircon grains are very similar to the ones of sample TZD-5. They have a 
predominance of concentric oscillatory zoning, typical of primary magmatic crystals 
(Corfu et al., 2003). These petrographic features and zircon typology suggest a 
volcanoclastic component to this sample or, at least, a very near source area. 85 zircon 
grains were analyzed, from which 68 are less than 10% discordant (Fig. 7b). The main 
age cluster ranges from 2198 to 2083 Ma (84 % of total) with an average concordia age 




Pb mean age of 2092±15 
Ma, which provides the maximum age of deposition for the protolith. The subordinate 
populations range from 2229 Ma to 2213 Ma (7.4% of total), 2337Ma to 2311 Ma (3 % 
of total), and single grains of 2821 Ma and 3100 Ma.  
Sample TZD-5 is a fine to medium-grained muscovite meta-arenite with biotite, apatite, 
zircon and zoisite as minor mineral phase. Zircon grains are 100 to 250 μm long, mostly 
prismatic (2:1), light pink to brown with some inclusion, and have a predominance of 
concentric oscillatory zoning. 63 out of 85 zircon grains are within 10% of concordance 
177 
 





Pb age of 2156±18 Ma. The four youngest grains spread from 2088 
Ma to 2068 Ma with mean age of 2081±12 Ma, which provides the maximum 
depositional age for this formation. A minor population between 2245 Ma and 2228 Ma 
represents 11% of total analyzed grains. 
4.2.2. Rio Gavião Formation  
Sample TZD-44 is an epidote meta-pelite. Zircon grains are mostly prismatic, less than 
350μm long, sub-rounded, pink to dark brown, with some inclusions and metamitic 
alteration. 89 zircon grains were extracted from this sample, of which 36 are within 10% 
of concordance (Fig. 7d). The maximum depositional age is estimate at 2163±12 Ma 
(mean of 19 % of total grains) out of the interval 2187 to 2097 Ma. The main age 
clusters are: 2411-2306 Ma (22% of total) and 2622-2554 Ma (38% of total). Two other 
Archean intervals correspond to 2718-2656 Ma (8% of total) and 3114-3042 Ma (6% of 
total).  
4.2.3. Areião Formation  
Sample TZD-48 is a meta-arenite interleaved with or transitioned to hematite-rich 
sandstone. Zircon grains range from 120 μm to 400 μm in length, mostly light to dark 
brown and prismatic, but also light pink to yellow and sub-rounded. Concentric 
oscillatory zoning is a common feature. 58 out of 77 zircon grains are within 10% of 
concordance (Fig. 7e). The younger and larger cluster spreads from 2177 to 2077 Ma 




Pb mean age at 
2082±12 Ma establishing the maximum depositional age of the sediment protolith. A 
subordinate age cluster falls in the interval of 2274-2238 Ma (18% of total) and the ages 
of 2613 Ma, 2973-2918 Ma, and 3212-3162 Ma represent the remaining 16% of 
analyzed grains.  
4.3. Intrusive Rocks 
4.3.1. Granite  
Sample TZD-86 is an undeformed, equigranular, pink granite with biotite and minor 
muscovite content. The stock is intrusive into the sedimentary rocks of Santana 
Formation, locally converting the latter into an albite-biotite hornfels (sample TZD-85). 
Zircon grains show two main morphologies. Type I is needle-shaped acicular to stubby 
zircon crystals containing metamitic margin and unaltered core. Type II occurs in minor 
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amount and is characterize by irregular and rounded shape. Zircon grains form a 
discordant array with an upper intercept at 2035 ± 10 Ma, indicating the crystallization 
age. Two concordant zircon grains of ca. 2.1 Ga and a single zircon of 3531±8 Ma 
(Table e) was identified and may represent inherited crystals from the intrude 
metasediments and surround basement. The lower intercept at 456 ± 20 Ma is similar to 
the lower intercept age obtained on albite-biotite hornfels, suggesting similar Pb-loss 
event (Fig.8).  
 
Fig. 8: U-Pb concordia diagram for zircon grains from the intrusive pink granite (sample TZD - 
86). Error crosses are at 2 sigma confidence level; grey ellipse indicated the concordia age at 2 
sigma confidence. 
4.3.2. Granodioritic Dyke  
The outcrop where sample TZD-15 was collected is characterized by the association of 
two mica granite and enclaves of different composition, resembling a roof pendant 
structure. We have sampled a granodioritic dyke that crosscut the granite. The dyke 
consists of centimeter-size glomeroporphyroclasts of plagioclase surrounded by an 
equigranular matrix composed of biotite, microcline, quartz, plagioclase and muscovite. 
Zircon grains may be divided into two groups on the basis of color and inclusions 
content. Each type forms approximately 50% of the population. Type I is mostly 
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colorless fragments of inclusion free euhedral prismatic grains. Type II consists of 
colorless, pale yellow to orange prismatic grains with brown inclusions. The sample 
yielded 53 zircon grains, 41 of which are concordant within 10%. The crystallization 
age is well constrained by the youngest age cluster of 1753-1730 Ma (10 zircon grains – 




Pb mean age of 1740±13 Ma is 
interpreted as the crystallization age. Older inherited grains yielded ages in four main 
intervals of 2090-2164 Ma, 2625-2830 Ma, and 3367-3255 Ma.  
 
Fig. 9: U-Pb concordia diagrams of ICP-MS data for zircon grains from intermediate dyke 
(sample TZD - 15). Concordia diagrams for LA-ICP-MS zircon analyses. Data boxes are 
defined by 1-sigma errors. 
5. Discussion  
5.1. Time interval of basin infill 
Igneous rocks intrusive into supracrustal sequences provide the best constraint on the 
minimum depositional age of sediments, whereas the youngest zircon population 
characterizes the maximum age of sediment deposition. The U-Pb crystallization age of 
2035 ± 10 Ma for the undeformed intrusive granite constrains the minimum age of 
sediment deposition in the CMB. On the other hand, the youngest zircon population of 
Lower Unit is 2116-2112 Ma, and from the Upper Unit is 2070 ± 10 Ma. The most 
probable youngest age of all dated detrital grains is 2070 ± 8 Ma, which is obtained 
when five grains younger than the age of the intrusive granite are excluded, 
characterizing the maximum deposition age of the entire sequence. As a result, the time 
interval of basin infill in the CMB appears to have been very tight, i.e. from ca. 2075 
Ma to ca. 2035 Ma. However, deposition may have started long before the maximum 
depositional age. Indeed, samples TZD-4, TZD-5 and TZD-85 of the Mirante and 
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Santana formations (Upper and Lower units, respectively) show petrographic features 
that suggest contribution from volcanic sources, such as fractured and faceted quartz 
and euhedral plagioclase. Zircon grains from these samples show concentric oscillatory 
zoning typical of igneous zircon and a single age population (Fig 6 D and 7 B – C). The 
2140 ± 20 Ma U-Pb concordia ages of the above samples, together with the two 
inherited zircon grains (ca. 2.1 Ga) at the intrusive granite, overlap the main peak of 
detrital zircon grains in the CMB and is here considered the best estimate age for active 
basin infill. The age of ca. 2.07 Ga is coeval with high-pressure metamorphism of the 
nearby Jequié Block and the Itabuna-Salvador-Curaçá Orogen (ISCO).  According to 
Cawood et al. (2012) a large proportion of individual detrital zircon ages are expected to 
be close to the depositional age of the sediment, in assemblages related to convergent 
plate margins. We therefore interpret the tight time interval of basin infill and the 
sediment coarsening upwards as representative of a foreland basin developed at the 
eastern margin of the Gavião Block during compression associated with the ISCO and 
the Paleoproterozoic magmatism related to the Gavião Block.  
5.2. Possible source areas  
Combining the 477 detrital zircon grains analyzed in this study with 40 zircon grains 
from Nutman et al. (1994) the dataset yields four main age clusters: 2070-2200 Ma 
(55.5% of total), 2200-2410 Ma (12.2% of total), 2550-2830 Ma (13.3% of total), 3240-
3370 Ma (18.3% of total), and a minor cluster at 3042-3188Ma (1.3% of total) (Fig. 10). 








Fig. 10: U-Pb LA-ICP-MS age distribution frequency of less than 10% discordant detrital 
zircon grains from metasedimentary rocks of the Contendas-Mirante supracrustal belt using 
Kernel density estimation plot. Also shown are age intervals for the orogenic events recorded at 
São Francisco craton, which most represent reliable candidate for sediment provenance. The red 
array and numbers to the left shows all detrital zircon from CMB, while the blue array and 
numbers to the right shows the result excluding the quartzite sample (TZD-6), see text for 
discussion. 
5.2.1. 2070-2200 Ma and 2550-2830 Ma clusters 
The Rhyacian (2.30-2.05 Ga) was a period of widespread continental crust formation 
and growth worldwide, and is of particular importance during basement formation of 
the South American Platform (Brito Neves, 2011). On the northernmost São Francisco 
Craton, the 2.19-2.07 Ga Itabuna-Salvador-Curaçá Orogen (ISCO) represents a 
reworked continental arc of Neoarchean (2830-2580 Ma) age (Silva et al., 2002; 
Oliveira et al., 2004a, b, and 2010b). However, it is uncertain whether the continental 
arc was built onto the Serrinha or Gavião blocks in the northern ISCO segment, or onto 
the Jequié or Gabon Blocks in the southern ISCO segment. Peucat et al. (2011) 
estimated that part of the southern segment of the ISCO is composed of approximately 
50% reworked Archean tonalitic crust related to the Jequié Block and 50% 
Paleoproterozoic granitic plutons of the ISCO. The northern segment is represented by 
the Neoarchean (2690-2580 Ma) Andean-type Caraíba arc and the 2583 Ma São José do 
Jacuípe mafic-ultramafic complex (Oliveira et al., 2004a, 2010b). A long cycle of 
basement reworking, accretion of magmatic arcs, and final continental collision is 
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suggested for the evolution of this northern segment (Teixeira and Figueiredo, 1991; 
Oliveira et al., 2002, 2004b, 2010b). The 2.08-2.05 Ga regional granulite facies to ultra-
high temperature metamorphism (sapphirine-bearing, silica-undersaturated granulite) is 
coeval with shoshonite magmatism and may represent the time of crustal thickening 
during continental collision (Barbosa and Sabaté, 2004; Oliveira et al., 2004b, 2010b; 
Leite et al., 2009). In summary, the detrital zircon age intervals 2070-2190 Ma and 
2550-2830 Ma observed in metasedimentary rocks of the CMB were most likely eroded 
away from the continental arc system represented by the ISCO and the Archean 
basement involved within the orogeny. Alternative sources for the above referred to age 
intervals are also found in the Gavião Block, namely the 2845±14 Ma Serra dos Pombos 
massif (Nutman and Cordani, 1993), the 2720-2680 Ma alkaline Caraguataí and Serra 
do Eixo gneisses (Cruz et al., 2012; Santos-Pinto et al., 2012), and the intrusive 2125-
2050 Ma Jussiape, Veredinha, Ibitiara and Guananbi granitoids (Cruz et al. 2012; 
Barbosa et al., 2013; and reference therein); but the low content of zircon grains older 
than 3.0 Ga and the absence of rocks crystalized between 2.68 and 2.55 Ga indicate that 
the Gavião Block is not the main favorable source for sediments. 
5.2.2. 2200-2410 Ma time interval 
The 2.20-2.41 Ga age interval is poorly documented in the global U-Pb zircon age 
database of both granitoids and detrital zircon populations (Condie et al., 2009), in large 
igneous provinces (Ernst, 2014), and in the northernmost São Francisco Craton 
(Grisolia and Oliveira, 2012); beside the emerging record on that time interval (Partin et 
al., 2014). Recent works have demonstrated that ages between 2.38-2.20 Ga record 
orogenic events related to greenstone belt formation and island arc development across 
South America, both as large geographic-geologic occurrences or preserved as relicts 
within Archean or Rhyacian terranes (McReath and Faraco, 2006; Vasquez et al., 2008; 
Klein et al., 2009; Ávila et al., 2010; 2014; Seixas et al., 2012; Fuck et al., 2014; 
Teixeira et al., 2015). 
The 2.4-2.2 Ga interval includes 15% of the detrital zircon grains in the CMB 
and the main source area can be found in the Mineiro Belt, southern São Francisco 
Craton. The 2.36-2.12 Ga Mineiro Belt is roughly contemporaneous with the ISCO, and 
records the earliest Proterozoic orogeny in the São Francisco Craton. The units dated on 
between 2.36-2.32 Ga are found in the high-Al Lagoa Dourada TTG suite (Seixas et al., 
2012) and in the orthogneiss of Resende Suite (Teixeira et al., 2015).  Seixas et al. 
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(2012) interpreted the suite as an island arc segment evolved at the root of a tholeiitic 
greenstone belt. In addition, the 2.23-2.20 Ga age interval comprises volcanic–
subvolcanic rocks of the Serrinha and Tiradentes suites, which are associated with a 
Rhyacian oceanic arc in the Mineiro Belt (Ávila et al., 2010; 2014). Moreover, as a 
review, we include other potential source for detrital zircon within this age interval in 
the South America Platform. In the Borborema Province, to the north of the São 
Francisco craton, this age interval is recognized in six domains: (i) juvenile 2.36 Ga 
TTG gneiss related to island arc setting as the basement of the Médio Coreaú domain 
(Santos et al., 2009); (ii) 2.35 Ga tonalite-granodiorite gneiss associated with the 
Neoarchean Granjeiro Complex (Ancelmi, pers. comm.); (iii) 2.3 Ga granodiorite gneiss 
of the Ceará Central Domain (Castro, pers. comm.); (iv) 2.3 Ga meta-andesites 
associated with the Rio Piranhas Massif, Rio Grande do Norte domain (Dantas et al., 
2008); (v) 2250-2150 Ma high-K, calc-alkaline granitoids of the Caicó complex (Souza 
et al., 2007); and (vi) 2236±55 Ma Sm-Nd isochron on meta-basalts of the Algodões 
Suite, which is interpreted as an oceanic plateau or back-arc basin suite (Martins et al., 
2009). In the Tocantins Province, to the west of the São Francisco craton, the Almas-
Conceição block includes granite-gneisses formed at 2375±6 Ma and 2346±16 Ma 
(Fuck et al., 2014). The Taquarembó block of Rio de la Plata craton has granodiorite 
gneiss with U-Pb (SHRIMP) zircon age of 2366±8 Ma (Hartmann et al., 2008) and 
granulite of granodiorite composition with monazite dated at 2360-2340 Ma (Tickyj et 
al., 2004). The Bacajás domain, Amazonian Craton, is a greenstone belt developed 
between 2360-2340 Ma and intruded by granites at 2300 Ma (Vasquez et al., 2008). On 
the eastern part of the Amazonian craton, gabbroic rocks of the Île de Cayenne complex 
have ages between 2260 and 2200 Ma (Delor et al., 2003) and the greenstones of the 
Vila Nova group are 2267 Ma old (McReath and Faraco, 2006). The enderbitic gneisses 
of Luís Alves craton also has U/Pb crystallization age at ca. 2350 Ma (Basei et al., 
1998). In the São Luís craton, Klein et al. (2009) report the age at 2240±5 Ma for arc-
related calc-alkaline meta-pyroclastic rocks of Pirocaua Formation. 
The widespread distribution of this age interval and its tectonic significance in 
South America deserves further investigation. Lastly, it is still a possibility that rocks of 
this age may remain undiscovered in the ISCO, or even in the Gavião Block. 
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5.2.3. Zircon grains older than 3.0 Ga 
The 3340-3290 Ma age cluster is the second most abundant amongst the detrital 
zircon grains (18% of the total), chiefly in the quartzite TZD-6. This sample yielded a 
single age cluster and contributes most of the grains (~80%) within this interval (Fig. 6 
A and 10). Therefore, an important discussion must be raised about the zircon grains 
older than 3.2 Ga. The closest possible source areas of this age are the felsic volcanic of 
the Entroncamento Rhyolite, 1 km north, (Marinho et al., 1994b), the coeval Coqueiro 
Rhyolite of the Mundo Novo supracrustal belt (Peucat et al., 2002), and the southern 
gneiss-migmatite-granite massifs (Nutman and Cordani, 1993; Martin et al., 1997). The 
Entroncamento Rhyolite is confined between the quartzite ridges (sample TZD-6) and 
the metasediments of the CMB (Mirante Fm. - samples TZD-5, TZD-4 and TZD-3; Fig 
2), which suggests a basement inlier of fault-bounded contact. Consequently, the 
quartzite may not be part of the Paleoproterozoic CMB and it can be part of an older 
basin. Conversely, it is not clear whether the quartzite incorporates Paleoarchean 
sediments that unconformable overlie the rhyolite or Paleoproterozoic sediments 
containing only Paleoarchean zircon grains. The great age similarity between detrital 
zircons from the quartzite and the Au-U detrital pyrite-bearing metaconglomerates and 
quartzites of the Jacobina Basin to the north (Teles et al., 2015) raises the possibility of 
correlation between them. This implies that the sedimentary environment was anoxic at 
the sediment-atmosphere interface, which should occur before the Global Oxidation 
Event (GOE) at ca. 2.45-2.32 Ga (Farquhar et al., 2011). Moreover, the contrast 
between the sharp age peak of quartzite TZD-6 and the other clastic sediments of the 
CMB reinforces the possibility that the quartzite is part of an older basin formed before 
the GOE. The scarcity of detrital zircon grains older than 3.3 Ga within 
Paleoproterozoic sediments suggests that basement domes and basement inliers within 
the CMB were not exposed during basin formation. 
5.3. Exhumation of basement domes and basement inliers 
Within the CMB there are three granite-gneiss domes (Sete Voltas, Boa Vista and Serra 
dos Meiras; Fig. 2), up to 80 km long, dated at 3403-3353 Ma (Martin et al., 1997; 
Nutman and Cordani, 1993). The contact between metasedimentary rocks of the CMB 
and the domes is tectonic, as indicated by the upright metasedimentary rocks of the 
Upper Unit - preserving primary sedimentary structure as compositional bedding, ripple 
marks and cross bedding stratification, and metamorphic aureole on rocks of the Lower 
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Unit adjacent to the domes (Fig. 2 and 3 A - C). Inherited zircon from the intrusive 
granite holds inherited zircon of 3531±8 Ma and ca. 2.1 Ga. The presence of an early 
Archean component into the granite indicates that the Gavião Block may have 
contributed as the source of the granite, and assimilation of the supracrustal sequence 
occurred during magma generation and emplacement. Hence, we interpret the Gavião 
Block, including the 3.40-3.35 Ga granite-gneiss domes and the 3.30 Ga Entroncamento 
Rhyolite, as basement rocks, which were reactivated and emplaced into the CMB during 
east-west compression and basin inversion. The developing of Paleoproterozoic dome-
and-kill structure (in the sense of Marshak et al. 1992) resulted in the exhumation of 
Paleoarchean basement, and are time correlated with the ca. 2.05-2.03 Ga magmatism 
intrusive into the Gavião Block (this study; Barbosa et al., 2013; Cruz et al., 2011). The 
generation of numerous syn- to post-tectonic granites along the Contendas-Jacobina 
lineament (Cuney et al., 1990; Sabaté et al., 1990) may have been partly assisted by the 
sinistral, crustal-scale mylonitic zone that separates the Paleoproterozoic CMB and 
Paleoarchean basement from the Neoarchean Jequié Block.  
5.4. Stratigraphic correlations  
The most important aspect of the detrital zircon data presented here is the 
Paleoproterozoic age of sediment deposition in the Contendas-Mirante basin. As 
discussed before, with the exception of the quartzite (sample TZD-06) the 
geochronological data show no significant differences between units. The Lower Unit 
has a maximum deposition at age ca. 2.11 Ga, whereas the Upper Unit shows a younger 
age cluster at 2.07 Ga and main age peak at 2.14 Ga. These data suggest they developed 
in a single coherent basin, which evolved from ca. 2.07 to 2.03 Ga, as constrained by 
the ages determined from detrital zircon grains and intrusive granite. The tight time 
interval of basin infill and the sediment coarsening upwards is interpreted to record a 
foreland basin developing upon the Gavião block margin at the time of convergence 
between the Jequié Block and the Itabuna-Salvador-Curaçá Orogen to the east, with the 
Gavião Block to the west. 
The CMB is coeval with other supracrustal sequences within the São Francisco Craton 
(Fig. 1). The Saúde Complex – northern segment of Contendas-Jacobina lineament 
(Mougeot, 1996), the Ibitira–Ubiraçaba sequence – Gavião Block (Paquette et al., 
2015), and the Monteiro Sequence –Serrinha Block (Grisolia and Oliveira, 2012) 
yielded very similar detrital zircon age patterns. The correlation between clastic 
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sediments of the CMB and the Saúde Complex along the ca. 600 km Contendas-
Jacobina lineament suggests that a large N-S Paleoproterozoic basin developed at the 
margin of the Gavião Block or, at least, multiple depocenters evolved along the same 
system. The Ibitira-Ubiraçaba sequence is the unique supracrustal belt within the 
Gavião Block that has been recently performed detrital zircon study (Paquette et al., 
2015), which testifies the presence of other Paleoproterozoic basin along this 
Paleooarchean terrane. The maximum deposition age at ca. 2.01 Ga of the sediments 
from Ibitira-Ubiraçaba sequence suggest that basin developing within the Gavião block 
was still occurring after the closure of the CMB. Other supracrustal belt within the 
Gavião Block – e.g., Licínio de Almeida, Brumado, Guajeru, and Riacho de Santana 
sequences – can also be of Paleoproterozoic age, but the absence of detrital zircon 
studies temporarily precludes the correlation between them. The Monteiro sequence 
comprises metasedimentary rocks of the Rio Itapicuru greenstone belt in the Serrinha 
Block (Grisolia and Oliveira, 2012). The time interval of sedimentation in this sequence 
is also very short (ca. 20 Ma). The youngest zircon population spans between 2137 and 
2125 Ma and the metasedimentary rocks, interpreted as part of a forearc basin, were 
intruded by potassic plutons at 2111-2106 Ma in an arc-continent collision zone (Costa 
et al., 2011; Grisolia and Oliveira, 2012).  
Furthermore, in its African counterpart, the Franceville basin, a large foreland basin 
contains unmetamorphosed and undeformed sedimentary rocks that rest unconformably 
on Archean basement rocks, showing similarities in both the successions and 
distribution of the sedimentary and tectonic events with the São Francisco-Congo craton 
(Weber, 1969; Feybesse et al., 1998; Gauthier-Lafaye and Weber, 2003). 
The 1740 Ma granodioritic dike crosscuts a two-mica granite that is intrusive into the 
CMB rocks and is coeval with 1.77-1.73 Ga alkaline to peralkaline potassic bimodal 
volcanism and A-type granites on the base of the Espinhaço Rift to the west of the CMB 
(Danderfer et al., 2009; 2014). This magmatism extends discontinuously throughout the 
Chapada Diamantina, Northern Espinhaço, Central Espinhaço and Southern Espinhaço 
(Turpin et al., 1988; Machado et al., 1989; Pimentel et al., 1991; Silva et al., 2002; 
Lobato et al., 2015), and correlates with the 1.76 Ga alkaline granites and volcanic of 
the Goiás tin province, Araí Rift (Pimentel et al., 1991). Furthermore, the concordia 
lower intercept age at 456 ± 20 Ma and 479±94 Ma obtained on metasediments of the 
Lower Unit (sample TZD-86) and on the intrusive granite (sample TZD-85) suggests 
that a low-temperature Ordovician thermal event was responsible for Pb-loss within the 
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system. This Ordovician age has been also revealed by the U-Pb titanite age at 480 Ma 
from a mineralized albitite of the Lagoa Real granite suite, and has been interpreted as 
reworking of the uranium mineralization (Lobato et al., 2015). Our new data 
corroborate the K-Ar and Ar-Ar ages obtained by various authors (see Lobato et al., 
2015 for a review) that indicate significant Cambro-Ordovician deformation along the 
Paramirim deformation corridor, which separates the Chapada Diamantina from 
Northern Espinhaço range. However, it is still unclear which tectonic trigger has driven 
such young intracratonic deformation during the late stage of Gondwana amalgamation.    
6. Conclusions 
The Contendas-Mirante supracrustal belt (CMB) represents a Paleoproterozoic foreland 
basin developed along the eastern margin of the Gavião Block during plate 
convergence. The tectonic extrusion of Paleoarchean basement domes is correlated with 
the intrusion of 2035 Ma granite, and was partially assisted by the crustal-scale 
Contendas-Jacobina left-lateral strike-slip shear zone. The majority of the samples 
record age peaks at 3340-3290 Ma, 2720-2560 Ma, 2410-2200 Ma, and most abundant, 
2200-2080 Ma. The youngest detrital zircon population indicates a maximum 
depositional age at ca. 2070 Ma, and the general upwards coarsening from Lower to 
Upper units has no larger difference. The unique exception is the 3350 to 3260 Ma 
zircon-bearing quartzite that surrounds the 3.3 Ga felsic volcanic. The uni-modal age 
spectra of 2140±20 Ma in three analyzed samples is taken as the best estimate for early 
basin infill and coeval volcanism. The most abundant age peak of the CMB detrital 
zircon is coeval with syn- to late tectonic (2.19-2.07 Ga) magmatic rocks of the 
Paleoproterozoic Itabuna-Salvador-Curaçá Orogen - that intensely reworked 
Neoarchean terranes (e.g. Jequié Block, São José do Jacuípe and Caraíba complexes) - 
and to the multiple intrusion related to the western zone of Gavião Block. Those 
terranes/complexes correspond to the main source areas of zircon and clasts. The 
Mineiro Belt in the southern São Francisco Craton was accreted contemporaneously 
with the ISCO and so far it is the most potential source candidate for the 2.36-2.19 Ga 
detrital zircons. A tectonic quiescence occurred between 2.03 and 1.77 Ga, when 1.73 
Ma granodioritic dikes were intruded into S-type granites of the CMB recording the 
easternmost expression of an intracratonic extension event that culminates in the 




This research was partially funded by the INCT-ET project coordinated by Prof. R. 
Fuck, and the thematic project on the Archean of the São Francisco Craton and 
Borborema Province (FAPESP grant 12/15824-6). SZ thanks CAPES for a PhD grant 
and EPO for a CNPq research grant (308424/2011-5). We thank Penny Lancaster 
(Portsmouth, UK) for the review of an early version of the paper and Felipe V. Oliveira 






Almeida, F.F.M., Hasui, Y., Brito Neves, B.B., Fuck, R.A., 1981. Brazilian Structural 
Provinces: an introduction. Earth-Science Reviews 17: 1-29. 
Ancelmi, M. F., dos Santos, T. J. S., da Silva Amaral, W., Fuck, R. A., Dantas, E. L., Zincone, 
S. A. 2015. Provenance of metasedimentary rocks from the Ceará Central Domain of 
Borborema Province, NE Brazil: implications for the significance of associated retrograded 
eclogites. J. S. Am. Earth Sci. 58, 82-99. 
Ávila, C.A., Teixeira, W., Cordani, U.G., Moura, C.A.V., Pereira, R.M., 2010. Rhyacian (2.23–
2.20 Ga) juvenile accretion in the southern São Francisco craton, Brazil: geochemical and 
isotopic evidence from the Serrinha magmatic suite, Mineiro belt. J. S. Am. Earth Sci. 29, 
464–482. 
Ávila, C.A., Teixeira, W., Bongiolo, E.M., Dussin, I.A., Vieira, T.A.T., 2014. Rhyacian 
evolution of subvolcanic and metasedimentary rocks of the southern segment of the 
Mineiro belt, São Francisco craton, Brazil. Precambrian Res. 243, 221–251. 
Barbosa J.S.F., Sabaté P., 2004. Archaean and Paleoproterozoic crust of the São Francisco 
Craton, Bahia, Brazil: geodynamic features. Precambrian Res. 133, 1-27. 
Barbosa, J.S.F., Martin, H., Peucat, J.J., 2004. Paleoproterozoic dome forming structures related 
to granulite facies metamorphism. Jequie Block, Bahia, Brasil: petrogenetic approaches. 
Precambrian Res. 135, 105–131. 
Barbosa, N. D. S., Teixeira, W., Leal, L. R. B., Leal, A. B. D. M., 2013. Evolução crustal do 
setor ocidental do Bloco Arqueano Gavião, Cráton do São Francisco, com base em 
evidências U-Pb, Sm-Nd e Rb-Sr. Geologia USP. Série Científica, 13(4), 63-88. 
Basei, M.A.S., McReath, I., Siga, O., 1998. The Santa Catarina granulite complex of southern 
Brazil: a review. Gondwana Res. 1, 383-391. 
Bühn, B., Pimentel, M.M., Matteini, M., Dantas, E.L., 2009. High spatial resolution analysis of 
Pb and U isotopes for geochronology by laser ablation multi-collector inductively coupled 
plasma mass spectrometry (LA-MC-ICP-MS). Anais da Academia Brasileira de 
Ciências 81, 99-114.  
Brito Neves, B. B., 2011. The Paleoproterozoic in the South-American continent: Diversity in 
the geologic time J. S. Am. Earth Sci. 32(4), 270-286. 
Cawood, P.A., Hawkesworth, C.J., Dhuime, B., 2012. Detrital zircon record and tectonic 
setting. Geology 40, 875-878. 
Caxito, F.A., Dantas, E.L., Stevenson, R., Uhlein, A., 2014. Detrital zircon (U–Pb) and Sm–Nd 
isotope studies of the provenance and tectonic setting of basins related to collisional 
orogens: the case of the Rio Preto fold belt on the northwest São Francisco Craton margin, 
NE Brazil. Gondwana Res. 26, 741–754.  
Chemale, F., Dussin, I.A., Alkmim, F.F., Martins, M.S., Queiroga, G., Armstrong, R., Santos, 
M.N., 2012. Unravelling a Proterozoic basin history through detrital zircon geochronology: 
the case of the Espinhaço Supergroup, Minas Gerais, Brazil. Gondwana Res. 22, 200–206. 
Condie, K.C., Belousova, E., Griffin, W.L., Sircombe, K.N., 2009. Granitoid events in space 
and time: constraints from igneous and detrital zircon age spectra. Gondwana Res. 15, 228-
242. 
Corfu, F., Hanchar, J. M., Hoskin, P. W., Kinny, P., 2003. Atlas of zircon textures. Reviews in 
mineralogy and geochemistry 53, 469-500. 
Costa, F.G., Oliveira, E.P., McNaughton, N.J., 2011. The Fazenda Gavião granodiorite and 
associated potassic plutons as evidence for Palaeoproterozoic arc-continent collision in the 
Rio Itapicuru greenstone belt, Brazil. J. S. Am. Earth Sci. 32, 127-141. 
190 
 
Cruz, S.C.P., Peaucat, J.J., Teixeira, Leo., Carneiro, M.A., Martins, A.A.M., Santana, J.S.S., 
Souza, J.S., Barbosa, J.S.F., Leal A.B.M., Dantas, E., Pimentel, M., 2011. The Caraguataí 
syenitic suite, a ca. 2.7 Ga-old alkaline magmatism (petrology, geochemistry and U/Pb 
zircon ages). Southern Gavião block (São Francisco Craton), Brazil. J. S. Am. Earth Sci.  
37, 95-112. 
Cuney, M., Sabaté, P., Vidal, Ph., Marinho, M.M., Conceição, H., 1990. The 2 Ga peraluminous 
magmatism of the Jacobina - Contendas Mirante belt (Bahia-Brazil): major- and trace-
element geochemistry and metallogenic potential. J. Volcanol. Geotherm. Res. 44, 123-
141. 
Danderfer, A., de Waele, B., Pedreira, A.A.J, Nalini Jr.. H.A., 2009. New geochronological 
constraints on the geological evolution of Espinhaço basin within the São Francisco craton-
Brazil. Precambrian Res. 170, 116-128. 
Danderfer Filho, A., Lana, C.C., Júnior, H.N., Costa, A.F.O., 2014. Constraints on the 
Statherian evolution of the intraplate rifting in a Paleo-Mesoproterozoic paleocontinent: 
New stratigraphic and geochronology record from the eastern São Francisco 
craton. Gondwana Res. 28 (2), 668-688. 
Dantas, E. L., Negrão, M. M., Buhn, B. 2008. 2.3 Ga continental crust generation in the Rio 
Grande do Norte terrane, NE Brazil. In VI South American Symposium on Isotope 
Geology, San Carlos de Bariloche, Argentina (CD-ROM, 4p), Abstracts (p. 40). 
Dantas, E.L., Souza, Z.S., Wernick, E., Hackspacher, P.C., Martin, H., Xiaodong, D., Li, J.W., 
2013. Crustal growth in the 3.4–2.7 Ga São José de Campestre Massif, Borborema 
Province, NE Brazil. Precambrian Res., 227, 120-156. 
Davis, D. W. 2002. U–Pb geochronology of Archean metasedimentary rocks in the Pontiac and 
Abitibi subprovinces, Quebec, constraints on timing, provenance and regional tectonics. 
Precambrian Res., 115(1), 97-117. 
Delor, C., Egal, E., Lafon, J.M., Cocherie, A., Guerrot, C., Rossi, P., Truffert, C., Théveniaut, 
H., Phillips, D. and Avelar, V.G., 2003. Transamazonian crustal growth and reworking as 
revealed by the 1: 500,000-scale geological map of French Guiana (2nd Ed.). Géologie de 
la France, v. 2-3-4, 5-57. 
Ernst, R. E., 2014. Large Igneous Provinces. Cambridge University Press. 
Farquhar, J., Zerkle, A.L., Bekker, A., 2011. Geological constrains on the origin of oxygenic 
photosynthesis. Photosynth. Res. 107 (1), 11–36. 
Feybesse, J. L., Johan, V., Triboulet, C., Guerrot, C., Mayaga-Mikolo, F., Bouchot, V., N'dong, 
J. E. 1998. The West Central African belt: a model of 2.5–2.0 Ga accretion and two-phase 
orogenic evolution. Precambrian Res. 87(3), 161-216. 
Fuck, R.A., Dantas, E.L., Pimentel, M.M., Botelho, N.F., Armstrong, R., Laux, J.H., Praxedes, 
I.F., 2014. Paleoproterozoic crust-formation and reworking events in the Tocantins 
Province, central Brazil: A contribution for Atlantica supercontinent reconstruction. 
Precambrian Res. 244, 53-74. 
Gauthier-Lafaye, F., Weber, F., 2003. Natural nuclear fission reactors: time constraints for 
occurrence, and their relation to uranium and manganese deposits and to the evolution of 
the atmosphere. Precambrian Res. 120, 81–100. 
Grisolia, M. F. P., Oliveira, E. P., 2012. Sediment provenance in the Palaeoproterozoic Rio 
Itapicuru greenstone belt, Brazil, indicates deposition on arc settings with a hidden 2.17–




Guadagnin, F., Chemale, F., Magalhães, A. J., Santana, A., Dussin, I., Takehara, L., 2015. Age 
constraints on crystal-tuff from the Espinhaço Supergroup—Insight into the 
Paleoproterozoic to Mesoproterozoic intracratonic basin cycles of the Congo–São 
Francisco Craton. Gondwana Res., 27(1), 363-376. 
Hartmann, L.A., Dunyi, L., Wang, L., Massone, H.J., Santos, J.O., 2008. Protolith age of Santa 
Maria Chico granulites dated on zircons from an associated amphibolite-facies granodiorite 
in southernmost Brazil. Anais da Academia Brasileira de Ciências 80, 543-551. 
Jackson, S.E., Pearsona, N.J., Griffina, W.L., Belousova, E.A., 2004. The application of laser 
ablation-inductively coupled plasma-mass spectrometry to in situ U–Pb zircon 
geochronology. Chemical Geology 211, 47–69. 
Kishida, A., Riccio, L., 1980. Chemostratigraphy of lava sequences from the Rio Itapicuru 
Greenstone Belt, Bahia, Brazil. Precambrian Res. 11, 161–178. 
Klein, E.L., Luzardo, R., Moura, C.A., Lobato, D.C., Brito, R.S., Armstrong, R., 2009. 
Geochronology, Nd isotopes and reconnaissance geochemistry of volcanic and 
metavolcanic rocks of the São Luís Craton, northern Brazil: implications for tectonic 
setting and crustal evolution. J. S. Am. Earth Sci. 27, 129-145. 
Leite, C.M.M., Barbosa, J.S.F., Goncalves, P., Nicollet, C., Sabaté, P., 2009. Petrological 
evolution of silica-undersaturated sapphirine-bearing granulite in the Paleoproterozoic 
Salvador–Curaçá Belt, Bahia, Brazil. Gondwana Res. 15, 49-70. 
Lobato, L. M., Pimentel, M. M., Cruz, S. C., Machado, N., Noce, C. M., Alkmim, F. F., 2015. 
U–Pb geochronology of the Lagoa Real uranium district, Brazil: Implications for the age of 
the uranium mineralization. J. S. Am. Earth Sci. 58, 129-140.  
Ludwig, K.R., 2003. Using Isoplot/Ex, version 3.00, A Geochronological Toolkit for Microsoft 
Excel. Berkeley Geochronology Center Special Publication No. 1. 
Marinho, M.M., Costa, P.H.O, Silva, E.F.A., Torquato, J.R.F., 1978. A sequência 
vulcanossedimentar de Contendas-Mirante: uma estrutura do tipo greenstone belt? CBPM, 
64p. Salvador. 
Marinho, M.M., Sabaté P.; Barbosa, J.S.F., 1994a. The Contendas–Mirante volcano-
sedimentary belt. Boletim do Instituto de Geociências, Universidade de São Paulo, 
Publicação especial 17, 38–72. 
Marinho, M.M., Vidal P., Alibert C., Barbosa J.S.F., Sabaté P., 1994b. Geochronology of the 
Jequié–Itabuna granulitic belt and of the Contendas–Mirante volcano-sedimentary belt. 
Boletim de Instituto de Geociências, Universidade de São Paulo, Publicação especial 17, 
73–96. 
Marinho, M.M.; Rios, D.C.; Conceição, H.; Rosa, M.L.S., 2008. Magmatismo alcalino 
neoarqueano no cráton do são francisco, bahia: pluton Pé de Serra. 44º Congresso 
Brasileiro de Geologia, Curitiba – Brazil. 
Marshak, S., Alkmim, F., Jordt-Evangelista, H., 1992. Proterozoic crustal extension and the 
generation of dome-and-keel structure in an Archaean granite–greenstone terrane. Nature 
357, 491–493. 
Martin H., Peucat J.J., Sabaté P., Cunha J.C., 1997. Crustal evolution in the early Archean of 
South America: example of the Sete Voltas Massif, Bahia State, Brazil. Precambrian Res. 
82, 35-62. 
Martins, G., Oliveira, E.P., Lafon, J.M., 2009. The Algodões amphibolite–tonalite gneiss 
sequence, Borborema Province, NE Brazil: geochemical and geochronological evidence for 
Palaeoproterozoic accretion of oceanic plateau/back-arc basalts and adakitic 
plutons. Gondwana Res. 15, 71-85. 
192 
 
McReath, I., Faraco, M.T.L., 2006. Paleoproterozoic greenstone-granite belts in northern Brazil 
and the former Guyana Shield-West African craton province. Geologia USP. Série 
Científica 5, 49-63. 
Menezes Leal, A.B., Santos, A.L., Leal, L.R.B., Cunha, J.C., 2015. Geochemistry of 
contaminated komatiites from the Umburanas greenstone belt, Bahia State, Brazil. J. S. 
Am. Earth Sci. 61, 1-13. 
Mougeot R., 1996. Etude de la limite Archéen-Protérozoïque et des minéralisations Au, ±U 
associées. Exemples de la région de Jacobina (Etat de Bahia, Brésil) et de Carajas (Etat de 
Para, Brésil). Thèse de l’Université de Montpellier II, 306 p. 
Nutman, A.P., Cordani, U.G., 1993. Shrimp U–Pb zircon geochronology of Archean granitoids 
from the Contendas–Mirante area of the São Francisco Craton, Bahia, Brazil. Precambrian 
Res. 163, 179-188. 
Nutman, A.P., Cordani, U.G., Sabaté, P., 1994. SHRIMP U-Pb ages of detrital zircons from the 
early Proterozoic Contendas-Mirante supracrustal belt, Francisco Craton, Bahia, Brazil. J. 
S. Am. Earth Sci. 7,109-114.  
Oliveira, E.P., Windley, B.F., Araújo, M.N., 2010a. The Neoproterozoic Sergipano orogenic 
belt, NE Brazil: a complete plate tectonic cycle in western Gondwana. Precambrian 
Res. 181, 64-84. 
Oliveira E.P., McNaughton N.J., Armstrong R., 2010b. Mesoarchaean to Palaeoproterozoic 
growth of the northern segment of the Itabuna Salvador Curaçá orogen, São Francisco 
craton, Brazil. Geological Society, London, Special Publications 338, 263-286.  
Oliveira E.P., Windley B.F., McNaughton N.J., Pimentel M., Fletcher I.R., 2004a. Contrasting 
copper and chromium metallogenic evolution of terranes in the Palaeoproterozoic Itabuna-
Salvador-Curacá orogen, São Francisco craton, Brazil: new zircon (SHRIMP) and Sm-Nd 
(model) ages and their significance for orogen-parallel escape tectonics. Precambrian 
Res.128, 143-165. 
Oliveira, E. P., Mello, E. F., McNaughton, N., 2002. Reconnaissance U–Pb geochronology of 
Precambrian quartzites from the Caldeirão belt and their basement, NE São Francisco 
Craton, Bahia, Brazil: implications for the early evolution of the Paleoproterozoic Itabuna–
Salvador–Curaçá orogen. J. S. Am. Earth Sci. 15, 349-362. 
Oliveira, E.P., Carvalho, M.J., McNaughton, N.J., 2004b. Evolução do Segmento Norte do 
Orógeno Itabuna-Salvador-Curaçá: Cronologia de acresção de arcos, colisão continental e 
escape de terrenos. Geologia USP Série Científica 4, 41-54. 
Oliveira, E.P., Souza, Z.S., McNaughton, N.J., Lafon, J.-M., Costa, F.G., Figueiredo, A.M., 
2011. The Rio Capim volcanic-plutonic-sedimentary belt, São Francisco Craton, Brazil: 
geological, geochemical and isotopic evidence for oceanic arc accretion during 
Palaeoproterozoic continental collision. Gondwana Res. 19, 735-750. 
Paquette, J. L., Barbosa, J. S. F., Rohais, S., Cruz, S. C. P., Goncalves, P., Peucat, J. J., Leal, 
A.B.M., Santos-Ointo, M., Martin, H., 2015. The geological roots of South America: 4.1 
Ga and 3.7 Ga zircon crystals discovered in NE Brazil and NW Argentina. Precambrian 
Res. 271, 49-55. 
Partin, C. A., Bekker, A., Sylvester, P. J., Wodicka, N., Stern, R. A., Chacko, T., Heaman, L. 
M., 2014. Filling in the juvenile magmatic gap: Evidence for uninterrupted 
Paleoproterozoic plate tectonics. Earth Planet. Sci. Lett.  388, 123-133. 
Pedrosa-Soares, A.C., Noce, C.M., Wiedemann, C.M., Pinto, C.P., 2001. The Araçuaı-West-
Congo Orogen in Brazil: an overview of a confined orogen formed during Gondwanaland 
assembly. Precambrian Res. 110, 307-323.  
193 
 
Peucat J.J. Mascarenhas J.F., Barbosa J.S., Souza F.S., Marinho M.M., Fanning C.M., Leite 
C.M.M., 2002. 3.3 Ga SHRIMP U–Pb zircon age of a felsic metavolcanic rock from the 
Mundo Novo greenstone belt in the São Francisco craton, Bahia (NE Brazil). J. S. Am. 
Earth Sci. 15, 363–373. 
Peucat, J.J., Barbosa, J.S.F.B., Pinho, I.C.A., Jean-Louis Paquette, J.L., Martin, H., Fanning, M., 
Leal, A.B.M.L., Cruz, S., 2011. Geochronology of granulites from the south Itabuna-
Salvador-Curaçá Block, São Francisco Craton (Brazil): Nd isotopes and U/Pb zircon ages. 
J. S. Am. Earth Sci. 31, 397-413. 
Pimentel, M.M., Fuck, R.A., Botelho, N.F., 1999. Granites and geodynamic history of the 
Neoproterozoic Brasília Belt, central Brazil: a review. Lithos 46, 463 
Pimentel, M.M., Heaman, L., Fuck, R.A., Marini, O.J., 1991. U-Pb zircon geochronology of 
Precambrian tin-bearing continental-type acid magmatism in central Brazil. Precambrian 
Res. 52, 321-335. 
Rogers, J.J., Santosh, M., 2002. Configuration of Columbia, a Mesoproterozoic supercontinent. 
Gondwana Res. 5, 5-22. 
Sabaté, P., Marinho, M.M., 1982. Chemical affinities of low-grade metamorphic formations of 
the Contendas-Mirante Complex. Revista Brasileira de Geociências 12, 392-402. 
Sabaté, P.; Marinho, M.M., Vidal P., Caen Vachette, M., 1990. The 2 Ga peraluminous 
magmatism of the Jacobina–Contendas Mirante belts (Bahia, Brazil): geologic and isotopic 
constraints on the sources. Chemical Geology 83, 325–338. 
Santos-Pinto, M.A.S., Peucat, J.J., Martin, H., Barbosa, J.S.F,, Fanning, C.M., Cocherie, A., 
Paquette, J.L., 2012. Crustal evolution between 2.0 and 3.5 Ga in the southern Gavião 
block (Umburanas-Brumado-Aracatu region), São Francisco Craton, Brazil: A 3.5–3.8 Ga 
proto-crust in the Gavião block? J. S. Am. Earth Sci. 40, 129-142. 
Santos, T.J.S., Fetter, A.H., Schums, W.R.V., Hackspacher, P.C., 2009. Evidence for 2.35 to 
2.30 Ga juvenile crustal growth in the northwest Borborema Province, NE Brazil. 
Geological Society, London, Special Publication 323, 271-281. 
Seixas, L.A.R., David, J., Stevenson, R., 2012. Geochemistry, Nd isotopes and U–Pb 
geochronology of a 2350 Ma TTG suite, Minas Gerais, Brazil: implications for the crustal 
evolution of the southern São Francisco craton. Precambrian Res. 196, 61–80. 
Silva, L.C.,Armstrong, R.,Noce, C.M.,Carneiro,M.A.,Pimentel, M.,Pedrosa-Soares, A.C.,Leite, 
C.A., Vieira, V.S., Silva, M.A., Paes, V.J.C., Cardoso Filho, J.M., 2002. Reavaliação da 
evolução geológica em terrenos pré-cambrianos brasileiros com base em novos dados U–
Pb SHRIMP, parte II: Orógeno Araçuaí, Cinturão Móvel Mineiro e Cráton São Francisco 
Meridional. Revista Brasileira de Geociências 32, 513–528. 
Silva, M.G., Coelho, C.E.S., Teixeira, J.B.G., Alves da Silva, F.C., Silva, R.A., Souza, J.A.B., 
2001. The Rio Itapicuru greenstone belt, Bahia, Brazil: geologic evolution and review of 
gold mineralization. Mineralium Deposita, 36, 345–357. 
Souza, Z.S., Martin, H., Peucat, J.J., Jardim de Sá, E.F., Macedo, M.H.F., 2007. Calcalkaline 
magmatism at the Archean-Proterozoic transition: the Caicó complex basement (NE 
Brazil). J. of Petrology 48, 2149-2185. 
Stacey, J.S., Kramers, J.D., 1975. Approximation of terrestrial lead isotope evolution by a two-
stage model. Earth Planet. Sci. Lett.  26, 207-221. 
Teixeira, W., Figueiredo, M. C. H., 1991. An outline of Early Proterozoic crustal evolution in 
the São Francisco craton, Brazil: a review. Precambrian Res. 53, 1-22. 
Teixeira, W., Carneiro, M.A., Noce, C.A., Machado, N., Sato, K., Taylor, P.N., 1996. Pb, Sr 
and Nd isotope constraints on the Archean evolution of gneissic granitoid complexes in the 
southern Sao Francisco Craton, Brazil. Precambrian Res. 78, 151–164. 
194 
 
Teixeira, W., Ávila, C.A., Dussin, I.A., Neto, A.C., Bongiolo, E.M., Santos, J.O., Barbosa, N.S., 
2015. A juvenile accretion episode (2.35–2.32 Ga) in the Mineiro belt and its role to the 
Minas accretionary orogeny: Zircon U–Pb–Hf and geochemical evidences. Precambrian 
Res. 256, 148-169. 
Teles, G., Chemale, F., de Oliveira, C.G., 2015. Paleoarchean record of the detrital pyrite-
bearing, Jacobina Au–U deposits, Bahia, Brazil. Precambrian Res. 256, 289-313.  
Tickyj, H., Hartmann, L.A., Vasconcellos, M.A.Z., Philip, R.P., Resmus, V.D., 2004. Electron 
micropobe dating of monazite substantiates ages of major geological events in the southern 
Brazilian shield. J. S. Am. Earth Sci. 16, 699-713. 
Turpin, L., Maruejol, P., Cuney, M., 1988. U-Pb, Rb-Sr and Sm-Nd chronology of granitic 
basement, hydrothermal albitites and uranium mineralization (Lagoa Real, South-Bahia, 
Brazil). Contributions to Mineralogy and Petrology 98, 139-147.  
Vasquez, M.L., Macambira, M.J.B., Armastrong, R., 2008. Zircon geochronology of granitoids 
from western Bacajá domain, southeastern Amazonia Craton, Brazil: Neoarchean to 
Orosirian evolution. Precambrian Res. 161, 297-302. 
Vermeesch, P. 2012. On the visualisation of detrital age distributions. Chemical Geology, 312, 
190-194.  
Wang, X. L., Zhao, G., Zhou, J. C., Liu, Y., Hu, J., 2008. Geochronology and Hf isotopes of 
zircon from volcanic rocks of the Shuangqiaoshan Group, South China: implications for 
the Neoproterozoic tectonic evolution of the eastern Jiangnan orogen. Gondwana Res., 
14(3), 355-367. 
Weber, 1969. Une série précambrienne du Gabon: le Francevillien. Sédimentologie, géochimie, 
relations avec les gîtes minéraux associés. PhD. 28. Université Louis Pasteur and Memoire 
Service Cartes Géologique Alsace-Lorraine, Strasbourg, France, pp. 328. 
Wiedenbeck, M., Allé, P., Corfu, F., Griffin, W.L., Meier, M., Oberli, F., von Quadt, A., 
Roddick, J.C., Spiegel, W., 1995. Three natural zircon standards for U–Th–Pb, Lu–Hf, 





TABLE 1: Summary of sample localities, rock types, zircon morphology, maximum depositional age of the protolith maximum and zircon ages for intrusive rocks from the Contendas-Mirante supracrustal belt. 
Table 2: LA-MC-ICPMS U–Pb data of detrital zircon from metasedimentary rocks of the Contendas-Mirante supracrustal belt, Brazil. 
  
  ID sample 
E. 
Longitude S. Latitude Rock type/Unit 
Size 









TZD - 3 
 
40°50'12.44"  13°38'9.16" 
meta-siltite - 
Mirante Fm. < 160 prismatic to sub-rounded  prismatic to sub-rounded  2134±26 Ma 






- Mirante Fm. 100-250  2:1 prism  2:1 prism  2092±15 Ma 




- Mirante Fm. 100-250 2:1 prism  2:1 prism  2081±12 Ma 
TZD - 44 
 
40°46'29.37"  14° 1'17.87" 
meta-pelite - Rio 
Gavião Fm. <350 mostly prismatic mostly prismatic 2163±12 Ma  
TZD -48 
 
40°58'44.32"  14° 1'53.69" 
meta-arenite - 















Travessão Fm. >220 
broken; sub-spherical, rarely 
prismatic 
broken and inequant; sub-
spherical, rarely prismatic 3296±7 Ma 





Grey phyllite - 
Travessão Fm. 100 - 200 
euhedral to sub-euhedral 
prism 
euhedral to sub-euhedral 
prism 2115-2112 Ma  
TZD - 85 
 
40°41'21.64"  13°34'4.72" 
Ab-Bt hornfels - 
Santana Fm. 80 - 300 
sub-rounded to euhedral short 
prism 
sub-rounded to euhedral 
short prism 2121±10 Ma  





dark grey schist - 
Santana Fm. 150-200 
euhedral to distinctly round; 
prismatic 
euhedral to distinctly round; 
prismatic 2116 Ma 





Grt mica schist - 












TZD - 86  40°41'7.43" 
 
13°33'59.61" 
pink granite 75-200 
Type I: stubby, metamictic 
margin and unaltered core 
Type II: irregular and rounded 
shape 
Type I: stubby, metamictic 
margin and unaltered core 
Type II: irregular and 
rounded shape 








150-250 Type I: inclusion free                                                                  
Type II: brown  inclusions 
Type I: inclusion free                                                   
Type II: brown  inclusions 
1740±13 Ma  
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U 2s Conc  
TZD - 10 004-Z1 34.3 27.2 0.606 19118 0.14 1.02 7.00 1.85 0.37 1.55 0.83 2193 18 2029 27 2112 16 92 
TZD - 10 005-Z2 54.6 18.8 0.430 44479 0.13 0.90 7.31 1.22 0.39 0.82 0.65 2163 16 2136 15 2150 11 99 
TZD - 10 006-Z3 29.5 18.7 0.628 20410 0.14 4.59 7.27 5.43 0.37 2.90 0.78 2259 79 2028 51 2145 49 90 
TZD - 10 007-Z4 26.2 9.4 0.515 42921 0.13 2.01 6.91 2.72 0.38 1.83 0.67 2107 35 2092 33 2100 24 99 
TZD - 10 090-Z5B 31.3 7.8 0.548 58425 0.13 2.78 7.12 3.16 0.38 1.52 0.72 2155 48 2099 27 2127 28 97 
TZD - 10 008-Z5 23.5 12.3 0.881 29408 0.14 1.53 7.89 4.03 0.41 3.73 0.93 2201 27 2237 71 2218 36 102 
TZD - 10 009-Z6 49.2 7.4 0.551 524802 0.27 0.76 23.04 1.45 0.62 1.24 0.84 3298 12 3119 31 3229 14 95 
TZD - 10 010-Z7 22.4 4.6 0.647 53144 0.13 2.29 7.10 2.83 0.39 1.67 0.81 2148 40 2100 30 2124 25 98 
TZD - 10 013-Z8 34.4 9.5 0.479 55748 0.13 1.21 7.17 1.74 0.39 1.25 0.71 2159 21 2106 23 2133 15 98 
TZD - 10 014-Z9 28.9 8.9 0.698 52592 0.13 1.04 7.18 1.68 0.40 1.32 0.78 2114 18 2155 24 2134 15 102 
TZD - 10 015-Z10 14.1 11.2 0.394 13294 0.13 2.51 7.36 3.19 0.40 1.96 0.61 2141 44 2170 36 2156 28 101 
TZD - 10 016-Z11 44.4 18.0 0.815 39732 0.14 2.87 7.12 3.20 0.38 1.42 0.68 2167 50 2085 25 2127 28 96 
TZD - 10 018-Z13 57.3 20.7 0.615 62549 0.13 0.83 7.65 2.29 0.42 2.14 0.93 2115 14 2273 41 2191 21 107 
TZD - 10 019-Z14 84.1 15.4 0.497 114536 0.13 0.87 7.38 1.23 0.40 0.87 0.68 2149 15 2168 16 2158 11 101 
TZD - 10 020-Z15 70.2 22.3 0.898 68878 0.13 2.19 7.92 2.63 0.44 1.46 0.78 2113 38 2344 29 2222 24 111 
TZD - 10 023-Z16 36.3 9.4 0.619 70661 0.13 1.45 7.46 2.21 0.41 1.66 0.75 2144 25 2194 31 2168 20 102 
TZD - 10 024-Z17 75.9 6.6 0.497 216061 0.13 0.59 7.29 1.45 0.40 1.32 0.91 2131 10 2164 24 2147 13 102 
TZD - 10 025-Z18 26.9 12.1 0.704 31049 0.13 1.72 7.17 2.29 0.39 1.51 0.65 2158 30 2107 27 2133 20 98 
TZD - 10 026-Z19N 34.0 6.9 0.541 70110 0.13 1.74 7.29 2.29 0.41 1.49 0.84 2102 31 2197 28 2148 20 105 
TZD - 10 027-Z19B 14.8 11.1 0.477 18031 0.13 2.75 7.36 3.84 0.41 2.68 0.69 2112 48 2203 50 2156 34 104 
TZD - 10 028-Z20 44.0 8.7 0.561 309909 0.14 0.64 7.56 1.13 0.41 0.93 0.81 2168 11 2193 17 2180 10 101 
TZD - 10 030-Z21B 30.9 11.3 0.743 55378 0.13 2.51 7.57 2.93 0.41 1.51 0.75 2163 44 2201 28 2181 26 102 
TZD - 10 033-Z22 25.3 3.1 0.424 72059 0.13 1.75 7.61 2.05 0.42 1.08 0.51 2137 31 2238 20 2186 18 105 
TZD - 10 034-Z23 37.6 5.6 0.687 68315 0.14 0.92 7.41 1.32 0.40 0.94 0.69 2169 16 2156 17 2162 12 99 
TZD - 10 035-Z24 24.6 10.5 0.487 42393 0.13 1.40 7.80 1.94 0.43 1.34 0.68 2120 25 2304 26 2208 17 109 
TZD - 10 036-Z25 22.0 4.4 0.485 51017 0.14 3.09 7.35 3.58 0.39 1.81 0.75 2168 54 2143 33 2155 32 99 
TZD - 10 037-Z26 27.2 7.1 0.566 82966 0.14 1.52 7.51 2.14 0.40 1.50 0.69 2170 27 2180 28 2175 19 100 
197 
 
TZD - 10 038-Z27 8.6 4.4 0.602 20041 0.14 5.03 7.83 7.22 0.41 5.18 0.72 2206 87 2217 97 2212 65 101 
TZD - 10 040-Z29 15.5 4.7 0.610 45674 0.14 5.40 7.97 6.06 0.42 2.74 0.71 2193 94 2266 52 2228 55 103 
TZD - 10 044-Z30 15.6 9.0 0.557 30635 0.14 1.72 7.84 2.50 0.42 1.81 0.72 2187 30 2241 34 2213 22 102 
TZD - 10 045-Z31 9.6 8.5 0.799 14432 0.14 3.73 7.74 6.42 0.39 5.22 0.81 2269 64 2130 95 2202 58 94 
TZD - 10 046-Z32 41.2 16.4 0.652 54744 0.13 3.00 8.04 3.86 0.45 2.43 0.84 2107 53 2379 48 2235 35 113 
TZD - 10 047-Z33 19.4 5.1 0.355 37706 0.13 2.54 7.75 3.31 0.43 2.13 0.64 2119 44 2294 41 2203 30 108 
TZD - 10 048-Z34 34.2 8.4 0.768 57324 0.13 0.63 7.68 1.35 0.42 1.20 0.88 2125 11 2269 23 2194 12 107 
TZD - 10 050-Z36 14.9 6.3 0.633 20974 0.14 4.58 7.29 5.36 0.38 2.78 0.77 2213 79 2078 49 2147 48 94 
TZD - 10 053-Z37 19.3 9.0 0.795 32141 0.14 1.38 7.42 2.20 0.39 1.71 0.77 2195 24 2130 31 2163 20 97 
TZD - 10 054-Z38 25.7 7.7 0.566 40457 0.13 1.33 7.39 2.32 0.40 1.90 0.82 2155 23 2164 35 2160 21 100 
TZD - 10 055-Z39 18.3 21.0 0.541 17301 0.14 1.69 8.30 2.39 0.43 1.69 0.70 2218 29 2315 33 2264 22 104 
TZD - 10 057-Z41 49.1 9.0 0.526 81484 0.13 1.13 7.99 1.88 0.43 1.50 0.79 2164 20 2302 29 2230 17 106 
TZD - 10 059-Z43 27.1 7.5 0.680 59161 0.13 0.86 7.37 1.53 0.41 1.27 0.82 2119 15 2199 24 2158 14 104 
TZD - 10 060-Z44 17.9 11.7 0.681 26610 0.13 3.81 7.31 4.57 0.40 2.53 0.79 2135 67 2165 46 2150 41 101 
TZD - 10 063-45 55.6 18.0 1.100 30616 0.13 1.33 6.48 4.61 0.35 4.41 0.96 2133 23 1955 74 2043 41 92 
TZD - 10 064-Z46 15.4 8.7 0.611 20797 0.14 1.29 7.71 2.26 0.41 1.86 0.82 2190 22 2206 35 2198 20 101 
TZD - 10 066-Z47B 18.6 6.9 0.544 31781 0.14 4.62 7.08 5.39 0.37 2.77 0.76 2205 80 2036 48 2121 48 92 
TZD - 10 067-Z48 18.2 7.9 0.661 32190 0.13 3.80 7.60 4.83 0.42 2.98 0.62 2102 67 2274 57 2185 43 108 
TZD - 10 068-Z49 22.8 11.8 0.730 35369 0.14 1.22 7.53 2.29 0.40 1.94 0.84 2194 21 2158 36 2176 21 98 
TZD - 10 069-Z50 29.8 6.9 0.610 54855 0.13 1.63 7.62 2.10 0.42 1.33 0.62 2119 29 2261 25 2187 19 107 
TZD - 10 070-Z51 13.3 13.9 0.572 23037 0.14 5.89 7.51 6.84 0.40 3.47 0.76 2175 103 2173 64 2174 61 100 
TZD - 10 073-Z52 29.0 4.4 0.739 45950 0.14 1.49 7.43 2.35 0.39 1.83 0.77 2203 26 2124 33 2165 21 96 
TZD - 10 074-Z53 42.1 6.8 0.539 82829 0.13 0.92 7.57 1.84 0.41 1.59 0.86 2137 16 2227 30 2181 16 104 
TZD - 10 076-Z55 50.4 6.0 0.460 100363 0.13 1.98 7.33 2.38 0.40 1.32 0.78 2137 35 2168 24 2152 21 101 
TZD - 10 077-Z56 28.1 9.4 0.693 51446 0.13 1.18 7.03 1.75 0.38 1.29 0.73 2157 21 2071 23 2115 16 96 
TZD - 10 078-Z57 24.3 7.5 0.496 51497 0.14 1.04 7.14 1.97 0.38 1.67 0.84 2169 18 2088 30 2129 18 96 
TZD - 10 079-Z58 29.4 11.7 0.664 36175 0.13 2.22 7.20 3.08 0.40 2.12 0.69 2125 39 2150 39 2137 27 101 
TZD - 10 080-Z59 15.8 6.9 0.766 28825 0.14 2.33 7.40 3.44 0.39 2.53 0.90 2190 40 2132 46 2161 31 97 
TZD - 10 083-Z60 30.5 7.6 0.563 60535 0.14 0.94 7.28 1.56 0.39 1.25 0.79 2175 16 2117 23 2146 14 97 
TZD - 10 084-Z61 62.3 11.4 0.636 92017 0.13 0.98 7.01 1.74 0.38 1.44 0.82 2145 17 2080 26 2113 15 97 
198 
 
TZD - 10 085-Z62 32.3 16.7 0.594 35666 0.13 1.35 7.62 1.86 0.41 1.28 0.68 2153 24 2224 24 2187 17 103 
TZD - 10 087-Z64 19.5 10.1 0.591 28291 0.14 1.62 7.04 2.31 0.37 1.64 0.70 2186 28 2046 29 2117 21 94 
TZD - 10 088-Z65 69.0 14.1 0.533 60263 0.13 0.73 7.13 1.32 0.38 1.10 0.82 2162 13 2093 20 2128 12 97 
TZD - 10 089-Z66 58.1 12.7 0.608 70961 0.14 0.89 7.35 1.53 0.39 1.24 0.80 2208 16 2100 22 2155 14 95 
TZD - 10 096-Z68 51.5 62.5 0.246 48300 0.32 1.01 34.34 1.45 0.77 1.04 0.86 3581 15 3691 29 3620 14 103 
TZD - 10 099-Z70N 88.9 7.6 0.741 304757 0.27 0.55 25.21 0.98 0.68 0.81 0.80 3306 9 3334 21 3316 10 101 
TZD - 10 039-Z28 11.1 5.8 0.487 25358 0.13 3.18 8.19 4.91 0.46 3.74 0.76 2080 56 2448 76 2252 44 118 
TZD - 10 100-Z70B 89.2 10.0 0.410 225829 0.27 0.85 25.42 1.21 0.68 0.87 0.83 3304 13 3360 23 3325 12 102 
TZD - 10 056-Z40 8.0 9.2 0.651 16046 0.14 10.32 7.43 11.45 0.38 4.97 0.69 2264 178 2062 88 2165 103 91 
TZD - 10 058-Z42 7.1 7.3 0.543 12521 0.14 3.93 7.69 6.06 0.39 4.61 0.76 2271 68 2117 83 2196 54 93 
TZD - 10 075-Z54 17.5 7.1 0.738 32817 0.14 1.78 7.15 2.84 0.36 2.20 0.77 2255 31 2002 38 2130 25 89 
TZD - 20 004-Z1 113.8 62.4 0.435 86851 0.19 1.69 15.96 4.18 0.61 3.83 0.91 2744 28 3064 93 2874 40 112 
TZD - 20 005-Z2 277.3 36.8 1.116 133937 0.18 0.52 13.13 0.96 0.53 0.80 0.82 2661 9 2726 18 2689 9 102 
TZD - 20 006-Z3 167.3 44.4 0.777 59452 0.18 0.88 11.88 1.46 0.49 1.17 0.89 2622 15 2561 25 2595 14 98 
TZD - 20 007-Z4 147.0 63.3 0.618 36325 0.13 0.66 7.51 1.26 0.41 1.07 0.84 2134 12 2217 20 2174 11 104 
TZD - 20 008-Z5 325.4 39.8 0.336 225582 0.15 0.49 10.14 2.23 0.49 2.17 0.97 2349 8 2569 46 2448 21 109 
TZD - 20 009-Z6 242.6 11.4 0.313 472739 0.13 0.48 7.87 1.33 0.43 1.24 0.93 2141 8 2298 24 2216 12 107 
TZD - 20 010-Z7 374.5 34.6 0.302 348311 0.14 0.67 8.14 1.54 0.44 1.38 0.95 2167 12 2334 27 2246 14 108 
TZD - 20 013-Z8 176.3 32.8 0.291 215623 0.14 0.68 7.56 1.74 0.41 1.60 0.92 2170 12 2192 30 2181 16 101 
TZD - 20 014-Z9 202.7 10.0 0.238 444833 0.14 0.43 8.07 0.86 0.43 0.74 0.84 2167 8 2320 14 2239 8 107 
TZD - 20 019-Z14 169.6 117.6 0.397 202648 0.19 0.43 14.12 0.79 0.54 0.66 0.81 2749 7 2770 15 2758 8 101 
TZD - 20 020-Z15 130.2 65.5 0.389 12450 0.13 0.94 7.41 1.93 0.41 1.69 0.94 2116 16 2211 32 2162 17 104 
TZD - 20 027-Z20 454.5 229.9 0.610 6728 0.13 0.64 6.46 2.40 0.36 2.31 0.96 2088 11 1992 40 2040 21 95 
TZD - 20 028-Z21 66.8 8.0 0.527 327557 0.18 0.54 12.63 0.89 0.50 0.71 0.76 2674 9 2624 15 2653 8 98 
TZD - 20 029-Z22 470.8 411.9 0.491 2883 0.13 1.04 7.31 2.61 0.40 2.38 0.91 2147 18 2153 44 2150 23 100 
TZD - 20 030-Z23 134.6 12.2 0.964 318032 0.18 0.99 12.62 1.18 0.51 0.64 0.64 2648 16 2656 14 2652 11 100 
TZD - 20 035-Z26 314.6 11.4 0.365 696620 0.18 0.72 13.03 0.99 0.52 0.69 0.65 2658 12 2713 15 2682 9 102 
TZD - 20 036-Z27 338.3 91.3 0.308 16089 0.14 0.70 7.47 1.13 0.39 0.89 0.84 2205 12 2132 16 2170 10 97 
TZD - 20 037-Z28 291.8 116.2 0.272 292094 0.15 1.05 10.01 3.44 0.48 3.27 0.95 2377 18 2506 68 2436 32 105 
TZD - 20 038-Z29 459.1 250.1 0.300 6037 0.14 0.55 7.63 1.35 0.38 1.24 0.91 2282 9 2089 22 2188 12 92 
199 
 
TZD - 20 042-Z33 229.2 36.1 0.267 247298 0.13 0.66 7.70 1.50 0.42 1.34 0.89 2141 12 2257 26 2197 13 105 
TZD - 20 047-Z36 368.2 150.6 0.389 10638 0.14 0.93 6.70 5.36 0.36 5.28 0.98 2169 16 1976 90 2072 47 91 
TZD - 20 049-Z38 363.3 21.6 0.287 772025 0.19 0.51 13.57 0.84 0.53 0.67 0.76 2711 8 2732 15 2720 8 101 
TZD - 20 052-Z41 226.3 236.4 0.295 6537 0.17 2.33 10.21 6.38 0.43 5.94 0.98 2561 39 2326 116 2454 59 91 
TZD - 20 060-Z44 145.1 21.2 0.282 199953 0.14 0.44 7.83 0.84 0.41 0.72 0.83 2209 8 2214 14 2212 8 100 
TZD - 20 061-Z45 179.1 26.7 0.280 149876 0.14 0.46 7.48 1.34 0.40 1.25 0.94 2172 8 2169 23 2171 12 100 
TZD - 20 062-Z46 342.8 121.0 0.452 11257 0.13 0.85 6.68 1.28 0.37 0.95 0.86 2124 15 2017 16 2071 11 95 
TZD - 20 065-Z47 91.4 10.6 0.576 197606 0.13 0.56 7.29 1.05 0.40 0.89 0.83 2139 10 2158 16 2148 9 101 
TZD - 20 067-Z49 115.4 13.5 0.370 249344 0.14 0.50 7.91 1.02 0.42 0.89 0.86 2202 9 2242 17 2221 9 102 
TZD - 20 068-Z50 191.7 16.4 0.790 402033 0.18 0.75 13.11 1.27 0.52 1.03 0.90 2665 12 2718 23 2688 12 102 
TZD - 20 069-Z51 93.9 26.5 0.702 133352 0.28 0.41 26.32 0.81 0.69 0.70 0.84 3349 6 3374 18 3358 8 101 
TZD - 20 072-Z54 197.4 37.7 0.326 111875 0.18 0.72 13.72 1.01 0.54 0.71 0.78 2683 12 2796 16 2731 10 104 
TZD - 20 075-Z55 730.4 317.2 0.747 8076 0.13 0.57 6.36 1.15 0.35 1.00 0.86 2131 10 1926 17 2027 10 90 
TZD - 20 076-Z56 61.6 7.7 0.583 229643 0.18 0.53 12.78 0.94 0.53 0.78 0.80 2609 9 2736 17 2663 9 105 
TZD - 20 077-Z57 179.3 17.1 0.136 315127 0.14 0.43 8.57 0.80 0.45 0.68 0.81 2207 7 2390 13 2293 7 108 
TZD - 20 078-Z58 261.0 40.3 0.363 212192 0.20 0.62 16.84 1.24 0.62 1.07 0.92 2808 10 3101 26 2926 12 110 
TZD - 20 079-Z59 136.5 40.6 0.339 102185 0.14 0.42 8.38 1.10 0.45 1.02 0.92 2165 7 2396 20 2273 10 111 
TZD - 20 080-Z60 108.6 9.3 0.277 352808 0.14 0.45 8.45 1.21 0.44 1.12 0.92 2222 8 2346 22 2280 11 106 
TZD - 20 082-Z62 42.5 34.9 0.880 206494 0.15 1.22 9.83 1.63 0.48 1.08 0.82 2343 21 2510 22 2419 15 107 
TZD - 20 085-Z63 161.1 20.5 0.317 327478 0.14 0.55 8.31 0.93 0.43 0.75 0.78 2209 9 2328 15 2265 8 105 
TZD - 20 086-Z64 402.6 114.0 0.472 17346 0.14 0.48 7.73 1.15 0.41 1.04 0.90 2200 8 2201 19 2201 10 100 
TZD - 20 089-Z67 189.5 78.1 0.706 53420 0.13 0.88 8.08 2.85 0.44 2.71 0.95 2141 15 2349 53 2240 26 110 
TZD - 20 095-Z71 118.3 12.5 0.342 194853 0.14 0.53 8.21 1.17 0.43 1.04 0.88 2202 9 2313 20 2255 11 105 
TZD - 20 099-Z75 168.1 13.4 0.381 331835 0.14 0.49 8.10 1.07 0.43 0.95 0.88 2204 9 2284 18 2242 10 104 
TZD - 20 100-Z76 159.8 19.2 0.563 259952 0.13 0.47 7.35 0.98 0.40 0.86 0.86 2144 8 2167 16 2155 9 101 
TZD - 20 101-Z77 268.6 14.2 0.342 696197 0.18 0.52 13.63 0.93 0.55 0.77 0.80 2657 9 2816 17 2724 9 106 
TZD - 20 102-Z78 96.7 10.8 0.589 355598 0.18 0.68 12.71 1.04 0.51 0.79 0.81 2650 11 2670 17 2659 10 101 
TZD - 20 105-Z79 49.0 37.9 0.517 76891 0.15 0.76 9.79 1.54 0.48 1.34 0.86 2325 13 2525 28 2416 14 109 
TZD - 20 107-Z81 119.9 14.7 0.458 265504 0.13 0.71 7.90 1.04 0.43 0.76 0.70 2128 12 2319 15 2219 9 109 
TZD - 20 109-Z83 86.1 8.3 0.679 344741 0.18 0.58 13.79 0.96 0.55 0.77 0.77 2659 10 2840 18 2736 9 107 
200 
 
TZD - 20 111-Z85 53.7 8.4 0.414 147796 0.13 0.56 7.49 0.94 0.41 0.76 0.77 2148 10 2198 14 2172 8 102 
TZD - 20 112-Z86 341.6 44.9 0.488 138077 0.15 0.50 8.21 0.98 0.40 0.85 0.89 2319 9 2184 16 2255 9 94 
TZD - 20 096-Z72 153.4 179.0 0.239 4499 0.18 0.51 12.33 1.92 0.49 1.85 0.96 2668 8 2579 39 2630 18 97 
TZD - 20 106-Z80 243.1 485.1 0.588 3511 0.19 1.00 14.85 2.24 0.56 2.01 0.89 2772 16 2852 46 2805 21 103 
TZD - 3 005-Z1B 126.1 80.1 0.470 205767 0.27 0.47 24.93 0.96 0.67 0.84 0.86 3300 7 3314 22 3306 9 100 
TZD - 3 004-Z1N 70.0 11.6 0.508 186317 0.27 0.50 24.31 0.99 0.66 0.85 0.85 3289 8 3268 22 3281 10 99 
TZD - 3 006-Z2 148.6 16.3 0.591 244427 0.13 1.46 6.44 2.32 0.35 1.80 0.91 2134 26 1945 30 2038 20 91 
TZD - 3 007-Z3 341.0 38.4 0.484 133957 0.18 0.49 11.60 0.82 0.47 0.66 0.76 2630 8 2501 14 2573 8 95 
TZD - 3 009-Z4 49.8 8.3 0.623 178099 0.28 0.52 26.89 1.20 0.71 1.08 0.89 3342 8 3444 29 3379 12 103 
TZD - 3 013-Z6 230.2 25.7 0.500 180320 0.27 0.54 25.21 1.17 0.67 1.03 0.88 3330 9 3294 27 3317 11 99 
TZD - 3 014-Z6B 304.7 38.5 0.544 45236 0.27 0.43 23.07 0.84 0.62 0.72 0.83 3315 7 3096 18 3230 8 93 
TZD - 3 016-Z8 122.6 19.3 0.801 204938 0.27 0.79 23.97 1.50 0.64 1.27 0.93 3320 12 3182 32 3267 15 96 
TZD - 3 017-Z9 191.4 21.3 0.605 182819 0.18 0.38 13.05 0.77 0.53 0.67 0.84 2643 6 2736 15 2683 7 103 
TZD - 3 019-Z10B 88.0 34.5 0.649 114390 0.28 0.38 28.34 0.93 0.74 0.85 0.90 3351 6 3569 23 3431 9 107 
TZD - 3 020-Z11 173.4 11.0 0.459 321068 0.18 0.97 12.70 1.16 0.51 0.63 0.70 2656 16 2659 14 2657 11 100 
TZD - 3 018-Z10N 93.1 19.4 0.709 167295 0.27 0.31 33.38 0.68 0.89 0.61 0.86 3326 5 4088 18 3592 7 123 
TZD - 3 025-Z13 113.1 26.4 0.586 124229 0.27 0.39 25.06 0.72 0.67 0.60 0.80 3307 6 3316 16 3310 7 100 
TZD - 3 026-Z14 23.3 6.8 0.813 78973 0.28 1.75 26.08 2.16 0.67 1.27 0.80 3375 27 3307 33 3350 21 98 
TZD - 3 027-Z15 36.4 10.5 0.912 92061 0.28 0.57 26.24 1.03 0.69 0.86 0.81 3343 9 3377 23 3356 10 101 
TZD - 3 030-Z18 117.1 17.9 0.509 131968 0.28 0.73 24.91 0.97 0.65 0.63 0.75 3341 11 3244 16 3305 9 97 
TZD - 4 004-Z1 136.5 10.7 0.367 236711 0.13 0.67 7.16 0.99 0.39 0.74 0.71 2125 12 2137 13 2131 9 101 
TZD - 4 005-Z2 72.1 10.2 0.663 126207 0.13 0.55 7.15 1.02 0.39 0.86 0.82 2145 10 2116 16 2131 9 99 
TZD - 4 007-Z4 102.7 74.8 0.612 9414 0.13 0.57 6.63 0.99 0.36 0.81 0.79 2140 10 1987 14 2063 9 93 
TZD - 4 008-Z5 18.7 12.7 0.199 49114 0.14 1.07 7.38 1.66 0.39 1.27 0.76 2178 18 2138 23 2159 15 98 
TZD - 4 009-Z6 17.1 5.5 0.682 36370 0.13 1.87 7.42 2.51 0.41 1.68 0.66 2112 33 2218 31 2163 22 105 
TZD - 4 013-Z8 20.3 10.4 0.587 44406 0.14 1.37 7.41 1.92 0.40 1.34 0.69 2170 24 2153 24 2162 17 99 
TZD - 4 015-Z10 148.7 11.4 0.371 261173 0.13 0.52 7.62 0.80 0.41 0.61 0.71 2153 9 2224 11 2187 7 103 
TZD - 4 016-Z11 78.7 9.9 0.370 253608 0.24 1.36 22.39 1.90 0.68 1.32 0.87 3100 22 3363 35 3201 18 108 
TZD - 4 017-Z12 154.4 21.1 0.224 152946 0.13 0.92 7.44 1.43 0.42 1.10 0.75 2096 16 2242 21 2166 13 107 
TZD - 4 018-Z13 34.7 12.0 0.315 60406 0.14 0.73 7.31 1.10 0.39 0.83 0.73 2170 13 2130 15 2150 10 98 
201 
 
TZD - 4 019-Z14 38.5 14.6 0.614 47942 0.13 0.89 7.00 1.34 0.39 1.00 0.73 2091 16 2134 18 2112 12 102 
TZD - 4 020-Z15 63.7 26.6 0.428 44334 0.14 2.24 7.27 2.55 0.38 1.22 0.71 2214 39 2074 22 2145 23 94 
TZD - 4 024-Z17 164.7 37.0 0.519 93279 0.13 0.66 7.90 1.29 0.43 1.11 0.85 2156 11 2290 21 2220 12 106 
TZD - 4 026-Z19 26.5 6.1 0.604 166465 0.13 1.97 8.04 2.28 0.43 1.16 0.74 2157 34 2323 23 2236 21 108 
TZD - 4 027-Z20 26.8 8.7 0.307 49275 0.13 1.21 7.83 1.76 0.43 1.28 0.72 2134 21 2295 25 2211 16 108 
TZD - 4 033-Z24 72.2 15.8 0.980 141004 0.13 0.68 7.19 1.09 0.40 0.85 0.76 2106 12 2167 16 2136 10 103 
TZD - 4 034-Z25 122.1 48.2 0.714 102731 0.13 0.63 7.58 1.18 0.42 0.99 0.83 2126 11 2244 19 2183 11 106 
TZD - 4 035-Z26 57.2 18.7 0.816 85716 0.13 0.77 7.55 1.28 0.41 1.02 0.79 2160 13 2200 19 2179 11 102 
TZD - 4 036-Z27 48.0 54.8 0.383 20788 0.15 4.04 8.28 4.66 0.41 2.31 0.75 2311 69 2209 43 2262 42 96 
TZD - 4 037-Z28 60.8 20.1 0.303 47733 0.13 1.19 7.04 1.76 0.38 1.30 0.73 2145 21 2087 23 2116 16 97 
TZD - 4 038-Z29 338.3 104.0 0.551 14073 0.13 0.58 7.17 1.02 0.40 0.83 0.80 2092 10 2176 15 2133 9 104 
TZD - 4 039-Z30 178.0 18.7 0.143 188293 0.13 0.52 7.47 0.87 0.40 0.70 0.77 2150 9 2191 13 2170 8 102 
TZD - 4 040-Z31 137.8 27.7 0.431 155392 0.13 1.23 7.62 1.56 0.42 0.96 0.79 2133 21 2245 18 2187 14 105 
TZD - 4 045-Z34 311.5 73.8 0.639 16540 0.14 0.47 7.83 0.86 0.41 0.72 0.81 2213 8 2211 13 2212 8 100 
TZD - 4 046-Z35 200.4 20.6 0.295 179736 0.13 0.90 7.62 1.21 0.41 0.81 0.79 2144 16 2234 15 2187 11 104 
TZD - 4 047-Z36 181.0 15.7 0.357 251464 0.13 0.56 6.97 1.05 0.39 0.88 0.83 2104 10 2112 16 2108 9 100 
TZD - 4 048-Z37 638.8 1067.1 0.495 1636 0.12 0.48 5.97 0.97 0.35 0.83 0.85 2019 9 1927 14 1972 8 95 
TZD - 4 054-Z40 52.6 8.8 0.339 109096 0.13 0.68 7.42 1.09 0.40 0.85 0.75 2143 12 2185 16 2163 10 102 
TZD - 4 055-Z41 40.5 13.4 1.130 65241 0.14 0.99 7.12 1.43 0.38 1.03 0.70 2173 17 2079 18 2127 13 96 
TZD - 4 057-Z43 176.8 117.8 0.336 20845 0.14 0.48 7.14 0.90 0.38 0.76 0.82 2184 8 2074 13 2130 8 95 
TZD - 4 058-Z44 128.9 14.7 0.508 202008 0.13 0.55 7.13 0.95 0.40 0.77 0.79 2107 10 2149 14 2127 8 102 
TZD - 4 059-Z45 218.6 21.4 0.506 167094 0.13 0.43 7.07 0.87 0.39 0.75 0.85 2129 7 2111 14 2120 8 99 
TZD - 4 060-Z46 95.5 5.3 0.259 414135 0.14 1.39 7.92 1.59 0.42 0.77 0.68 2175 24 2273 15 2222 14 105 
TZD - 4 064-Z48 97.6 9.2 0.769 194207 0.13 0.53 7.50 1.04 0.41 0.90 0.84 2115 9 2235 17 2173 9 106 
TZD - 4 065-Z49 71.5 10.4 0.596 128186 0.13 0.64 7.39 1.05 0.40 0.83 0.77 2135 11 2188 15 2160 9 102 
TZD - 4 067-Z51 68.6 29.6 0.226 49895 0.14 0.71 7.63 1.35 0.41 1.15 0.84 2167 12 2213 22 2189 12 102 
TZD - 4 068-Z52 66.7 10.1 0.720 118847 0.13 0.57 7.18 1.01 0.39 0.83 0.80 2123 10 2145 15 2134 9 101 
TZD - 4 073-Z55 76.3 8.8 0.658 168866 0.13 0.70 7.32 1.06 0.41 0.80 0.72 2098 12 2206 15 2151 9 105 
TZD - 4 079-Z61 28.9 7.2 0.585 56463 0.14 1.16 7.60 1.59 0.40 1.09 0.67 2196 20 2173 20 2185 14 99 
TZD - 4 080-Z62 39.3 10.0 0.497 79744 0.13 2.26 7.39 2.53 0.40 1.15 0.69 2154 39 2166 21 2160 23 101 
202 
 
TZD - 4 083-Z63 63.1 6.7 0.500 136873 0.13 0.65 7.52 1.01 0.40 0.77 0.73 2160 11 2191 14 2175 9 101 
TZD - 4 084-Z64 131.7 16.2 0.365 381005 0.14 0.79 7.81 1.14 0.41 0.83 0.70 2198 14 2221 16 2209 10 101 
TZD - 4 085-Z65 93.1 10.7 0.340 153241 0.13 0.94 7.60 1.40 0.42 1.04 0.72 2107 17 2270 20 2185 13 108 
TZD - 4 087-Z67 203.2 20.6 0.298 224856 0.13 0.85 7.60 1.26 0.41 0.94 0.72 2138 15 2236 18 2185 11 105 
TZD - 4 089-Z69 32.7 9.2 0.475 60049 0.13 1.19 7.22 1.92 0.40 1.51 0.78 2131 21 2147 28 2139 17 101 
TZD - 4 093-Z71 69.7 8.0 0.447 148919 0.13 0.70 7.16 1.20 0.39 0.97 0.80 2128 12 2135 18 2131 11 100 
TZD - 4 094-Z72 108.0 9.2 0.494 250563 0.20 0.76 15.37 0.98 0.56 0.62 0.58 2821 12 2863 14 2838 9 101 
TZD - 4 095-Z73 76.2 56.6 0.303 17940 0.14 0.91 7.52 1.44 0.40 1.12 0.76 2172 16 2178 21 2175 13 100 
TZD - 4 096-Z74 36.8 6.8 0.699 71450 0.13 2.17 7.17 2.44 0.40 1.11 0.69 2119 38 2149 20 2133 22 101 
TZD - 4 097-Z75 55.9 7.4 0.739 125301 0.13 0.89 7.22 1.48 0.39 1.19 0.79 2151 16 2128 22 2139 13 99 
TZD - 4 098-Z76 58.5 36.9 0.668 5866 0.13 0.85 7.34 1.62 0.41 1.37 0.84 2083 15 2228 26 2153 14 107 
TZD - 4 099-Z77 77.7 7.8 0.512 159871 0.13 0.50 7.41 0.85 0.41 0.69 0.77 2133 9 2194 13 2163 8 103 
TZD - 4 100-Z78 93.8 9.9 0.574 159655 0.14 1.26 7.64 1.54 0.41 0.88 0.75 2167 22 2215 16 2190 14 102 
TZD - 4 103-Z79 64.6 11.7 0.364 1549408 0.14 0.73 8.46 1.14 0.44 0.87 0.75 2229 13 2341 17 2281 10 105 
TZD - 4 104-Z80 100.8 8.5 0.758 178039 0.13 0.51 6.94 0.92 0.38 0.77 0.81 2112 9 2094 14 2103 8 99 
TZD - 4 107-Z83 15.4 10.4 0.594 28792 0.13 1.64 7.83 2.38 0.42 1.73 0.72 2157 29 2271 33 2212 21 105 
TZD - 4 108-Z84 68.5 45.4 0.314 21946 0.13 0.69 7.36 1.25 0.40 1.04 0.82 2130 12 2184 19 2156 11 103 
TZD - 4 105-Z81 58.6 8.9 0.501 139196 0.13 0.86 8.42 1.19 0.45 0.83 0.67 2160 15 2411 17 2278 11 112 
TZD - 4 106-Z82 54.0 10.6 0.542 98210 0.13 2.37 8.08 2.60 0.44 1.06 0.64 2125 42 2367 21 2240 23 111 
TZD - 4 077-Z59 54.3 8.1 0.287 114535 0.13 0.82 7.97 1.40 0.44 1.13 0.80 2111 14 2358 22 2228 13 112 
TZD - 4 023-Z16 7.4 10.4 1.163 15874 0.18 2.99 11.42 5.06 0.45 4.08 0.81 2687 49 2398 82 2558 47 89 
TZD - 4 014-Z9 160.1 159.1 0.487 2712 0.13 0.49 6.43 1.66 0.36 1.58 0.95 2114 9 1962 27 2037 14 93 
TZD - 4 043-Z32 285.6 1264.6 0.658 680 0.13 1.31 7.04 1.80 0.39 1.21 0.67 2120 23 2113 22 2117 16 100 
TZD - 4 063-Z47 156.9 253.0 0.589 2187 0.14 0.60 7.84 0.91 0.41 0.69 0.72 2226 10 2197 13 2212 8 99 
TZD - 4 086-Z66 251.2 1104.9 0.325 727 0.15 2.31 8.37 2.71 0.41 1.43 0.76 2337 39 2201 27 2272 25 94 
TZD - 4 066-Z50 348.8 339.1 0.416 3038 0.13 0.99 6.23 1.61 0.34 1.27 0.91 2133 17 1890 21 2009 14 89 
TZD - 4 010-Z7 115.1 132.2 0.351 4376 0.14 1.31 7.08 1.50 0.36 0.71 0.66 2240 23 2001 12 2122 13 89 
TZD - 4 074-Z56 299.4 411.4 0.896 2388 0.13 0.54 6.35 0.81 0.34 0.60 0.69 2161 9 1895 10 2026 7 88 
TZD - 5 005-Z2 70.3 10.3 0.690 98149 0.14 1.14 7.59 1.47 0.39 0.93 0.78 2228 20 2137 17 2183 13 96 
TZD - 5 007-Z4B 132.7 14.9 0.379 131310 0.13 0.62 7.06 1.18 0.38 1.00 0.84 2162 11 2074 18 2118 10 96 
203 
 
TZD - 5 014-Z8 210.1 13.3 0.680 328586 0.13 0.54 7.25 1.24 0.40 1.11 0.89 2110 10 2176 21 2142 11 103 
TZD - 5 017-Z11 115.2 12.3 0.376 127237 0.13 0.91 7.04 1.46 0.39 1.14 0.77 2132 16 2100 20 2116 13 99 
TZD - 5 018-Z12 139.4 11.4 0.723 152437 0.13 0.72 6.48 1.28 0.37 1.06 0.82 2081 13 2007 18 2043 11 96 
TZD - 5 020-Z14 331.4 11.0 0.495 307896 0.13 1.00 7.08 1.48 0.39 1.08 0.78 2124 18 2120 20 2122 13 100 
TZD - 5 024-Z16 72.2 5.4 0.662 84712 0.13 0.96 6.96 1.44 0.38 1.07 0.73 2149 17 2063 19 2106 13 96 
TZD - 5 025-Z17 115.9 6.7 0.543 167594 0.13 0.84 7.68 1.18 0.42 0.82 0.67 2140 15 2253 16 2195 11 105 
TZD - 5 027-Z19 114.6 10.2 0.461 151876 0.14 0.75 7.67 1.06 0.41 0.74 0.67 2168 13 2219 14 2193 10 102 
TZD - 5 029-Z21 255.4 10.5 0.641 376823 0.13 0.85 7.79 1.19 0.42 0.83 0.67 2157 15 2262 16 2207 11 105 
TZD - 5 030-Z22 221.2 13.2 0.593 192812 0.13 0.98 6.30 1.88 0.35 1.61 0.89 2116 17 1924 27 2019 17 91 
TZD - 5 034-Z24 117.1 39.8 0.451 78722 0.14 1.03 7.13 1.54 0.37 1.14 0.73 2202 18 2052 20 2128 14 93 
TZD - 5 037-Z27 312.7 7.8 0.738 390393 0.13 0.62 6.71 0.99 0.36 0.77 0.75 2144 11 2005 13 2074 9 93 
TZD - 5 038-Z28 131.7 9.2 0.608 161964 0.13 0.71 7.02 1.23 0.38 1.00 0.80 2150 12 2078 18 2114 11 97 
TZD - 5 039-Z29 231.8 11.7 0.534 224703 0.13 0.93 6.74 1.48 0.37 1.15 0.84 2136 16 2021 20 2078 13 95 
TZD - 5 042-Z32 134.8 17.1 0.370 127764 0.14 0.77 7.13 1.32 0.38 1.07 0.80 2166 13 2089 19 2128 12 96 
TZD - 5 043-Z33 89.4 9.5 0.605 127028 0.13 1.05 7.12 1.52 0.38 1.10 0.82 2161 18 2092 20 2127 14 97 
TZD - 5 044-Z34 148.2 9.3 0.612 186052 0.13 0.63 7.10 1.11 0.39 0.92 0.81 2126 11 2123 17 2125 10 100 
TZD - 5 047-Z35 208.5 12.4 0.576 213295 0.14 0.62 7.36 1.45 0.39 1.32 0.90 2168 11 2145 24 2157 13 99 
TZD - 5 048-Z36 148.6 11.2 0.860 154337 0.14 0.62 7.37 1.37 0.39 1.22 0.89 2185 11 2130 22 2158 12 97 
TZD - 5 049-Z37 315.8 81.4 0.456 15600 0.14 1.00 7.68 1.48 0.40 1.09 0.83 2236 17 2150 20 2194 13 96 
TZD - 5 053-Z38 281.4 19.9 0.466 217300 0.14 0.83 7.56 4.72 0.40 4.64 0.98 2185 14 2176 86 2180 42 100 
TZD - 5 054-Z39 443.4 13.2 1.171 478601 0.14 0.70 7.05 1.04 0.38 0.77 0.71 2172 12 2063 14 2118 9 95 
TZD - 5 055-Z40 245.5 11.1 0.620 270586 0.13 0.68 6.78 1.22 0.37 1.01 0.82 2152 12 2014 18 2083 11 94 
TZD - 5 056-Z41 195.7 12.3 0.383 227972 0.14 0.87 7.35 1.23 0.39 0.86 0.76 2202 15 2105 16 2155 11 96 
TZD - 5 058-Z43 188.6 14.7 0.527 252520 0.13 0.75 6.82 1.27 0.38 1.03 0.79 2107 13 2071 18 2089 11 98 
TZD - 5 059-Z44 214.4 10.5 0.707 250396 0.13 0.77 6.29 1.41 0.35 1.18 0.83 2122 14 1915 20 2017 12 90 
TZD - 5 062-Z45 39.0 13.3 0.496 41231 0.14 1.32 6.81 1.98 0.36 1.48 0.74 2168 23 2005 26 2086 18 93 
TZD - 5 063-Z46 253.5 22.5 0.685 199018 0.13 0.75 6.64 1.54 0.37 1.35 0.87 2081 13 2049 24 2065 14 98 
TZD - 5 064-Z47 291.7 17.3 0.487 267979 0.13 0.75 7.25 1.20 0.40 0.93 0.76 2127 13 2160 17 2143 11 102 
TZD - 5 065-Z48 557.2 64.6 0.384 21453 0.13 1.01 5.67 2.39 0.33 2.17 0.94 2036 18 1829 35 1928 21 90 
TZD - 5 066-Z49 342.6 11.5 0.679 469025 0.13 0.69 6.85 1.25 0.37 1.04 0.82 2155 12 2028 18 2092 11 94 
204 
 
TZD - 5 067-Z50 383.4 17.8 0.744 358567 0.13 0.68 6.53 1.13 0.37 0.91 0.78 2068 12 2032 16 2050 10 98 
TZD - 5 068-Z51 146.6 13.4 0.485 208638 0.14 0.85 7.29 1.49 0.39 1.22 0.81 2175 15 2120 22 2148 13 97 
TZD - 5 069-Z52 176.0 126.9 0.376 6194 0.18 5.06 13.66 6.44 0.55 3.98 0.84 2640 84 2845 92 2726 61 108 
TZD - 5 072-Z53 153.3 7.1 1.486 222296 0.13 0.87 7.24 1.46 0.40 1.18 0.80 2132 15 2151 22 2141 13 101 
TZD - 5 073-Z54 339.1 14.1 0.412 624485 0.14 0.75 7.63 1.06 0.40 0.75 0.68 2185 13 2191 14 2188 10 100 
TZD - 5 074-Z55 220.0 13.9 0.633 281429 0.13 0.72 7.26 1.00 0.39 0.69 0.65 2148 13 2140 13 2144 9 100 
TZD - 5 075-Z56 65.4 12.3 0.718 84660 0.13 1.29 7.12 1.59 0.39 0.93 0.72 2122 23 2131 17 2126 14 100 
TZD - 5 076-Z57 52.5 38.1 0.605 29313 0.14 1.41 8.87 2.28 0.45 1.79 0.78 2245 24 2416 36 2325 21 108 
TZD - 5 079-Z59B 259.3 7.6 0.326 584605 0.13 0.88 6.51 1.34 0.36 1.02 0.77 2121 15 1975 17 2047 12 93 
TZD - 5 082-Z60 77.5 8.6 0.695 110691 0.14 0.96 7.64 1.32 0.41 0.91 0.67 2168 17 2212 17 2190 12 102 
TZD - 5 083-Z61 49.3 9.2 0.813 81286 0.13 1.14 7.41 1.81 0.40 1.41 0.77 2138 20 2188 26 2162 16 102 
TZD - 5 085-Z63 294.2 15.0 0.705 222005 0.14 1.07 7.11 1.58 0.38 1.16 0.82 2179 19 2070 21 2125 14 95 
TZD - 5 086-Z64 454.7 10.0 0.892 432020 0.13 0.76 7.27 1.23 0.40 0.97 0.77 2142 13 2148 18 2145 11 100 
TZD - 5 088-Z66 180.4 17.8 0.651 193221 0.13 0.71 7.31 1.16 0.39 0.92 0.77 2158 12 2141 17 2150 10 99 
TZD - 5 092-Z68 189.1 11.4 0.415 247704 0.14 0.79 7.57 1.12 0.40 0.80 0.68 2198 14 2163 15 2181 10 98 
TZD - 5 094-Z70 58.3 8.4 0.622 148649 0.14 0.86 7.72 1.42 0.40 1.13 0.79 2230 15 2166 21 2199 13 97 
TZD - 5 095-Z71 65.4 10.6 1.046 91933 0.13 1.08 6.87 1.67 0.37 1.27 0.85 2156 19 2034 22 2095 15 94 
TZD - 5 098-Z74 191.0 9.8 1.101 218559 0.14 0.80 6.98 1.35 0.37 1.09 0.79 2166 14 2050 19 2108 12 95 
TZD - 5 099-Z75 137.4 7.2 0.438 238096 0.14 1.06 7.38 1.45 0.39 1.00 0.72 2202 18 2113 18 2158 13 96 
TZD - 5 102-Z76 477.8 62.2 0.618 134743 0.13 1.07 6.87 4.99 0.37 4.88 0.98 2146 19 2043 85 2095 44 95 
TZD - 5 103-Z77 187.4 23.9 0.517 131235 0.14 0.93 7.33 1.34 0.39 0.97 0.70 2197 16 2105 17 2152 12 96 
TZD - 5 104-Z78 197.9 8.1 0.407 293907 0.13 0.83 6.87 1.21 0.37 0.87 0.70 2162 15 2027 15 2095 11 94 
TZD - 5 105-Z79 60.8 5.2 0.737 93530 0.13 1.58 7.00 1.85 0.38 0.97 0.68 2140 28 2082 17 2111 16 97 
TZD - 5 107-Z81 123.8 14.5 0.670 138513 0.13 0.73 7.28 1.24 0.39 1.00 0.79 2153 13 2140 18 2147 11 99 
TZD - 5 108-Z82 385.7 11.9 0.364 501748 0.13 0.63 7.17 0.98 0.40 0.74 0.73 2120 11 2148 14 2133 9 101 
TZD - 5 078-Z59N 350.7 10.1 0.518 484780 0.13 0.78 7.34 1.36 0.40 1.11 0.81 2126 14 2183 21 2154 12 103 
TZD - 5 007-Z4 47.6 9.9 0.421 79927 0.14 0.92 7.07 2.12 0.38 1.91 0.90 2182 16 2058 34 2121 19 94 
TZD - 5 006-Z3 163.8 13.6 0.442 199422 0.19 0.82 11.28 1.58 0.44 1.35 0.85 2723 13 2331 26 2546 15 86 
TZD - 5 041-Z31 468.7 49.3 1.018 307389 0.13 1.06 6.06 3.29 0.33 3.12 0.95 2134 18 1845 50 1985 29 86 
TZD - 5 028-Z20 441.0 16.7 0.555 381122 0.13 0.70 5.90 1.26 0.33 1.06 0.82 2088 12 1843 17 1961 11 88 
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TZD - 5 087-Z65 315.6 29.6 0.740 131073 0.13 0.92 5.83 3.50 0.33 3.38 0.96 2092 16 1821 54 1951 30 87 
TZD - 44 004-Z1 64.2 28.8 0.179 34436 0.13 0.58 7.03 1.04 0.38 0.86 0.81 2163 10 2068 15 2116 9 96 
TZD - 44 013-Z7 29.4 8.2 0.492 64802 0.17 1.19 12.26 1.87 0.52 1.44 0.76 2560 20 2708 32 2624 18 106 
TZD - 44 016-Z10 61.1 10.2 0.507 189469 0.13 1.90 7.87 2.14 0.43 0.98 0.68 2134 33 2306 19 2217 19 108 
TZD - 44 018-Z12 40.1 8.7 0.243 54904 0.14 0.82 7.62 1.48 0.41 1.24 0.83 2171 14 2204 23 2187 13 101 
TZD - 44 019-Z13 32.6 12.1 0.515 52392 0.17 0.87 12.44 1.41 0.52 1.12 0.78 2581 15 2713 25 2638 13 105 
TZD - 44 023-Z14B 162.1 93.8 0.311 6122 0.16 5.63 9.84 5.69 0.45 0.86 0.14 2447 95 2387 17 2419 52 98 
TZD - 44 024-Z15 82.9 23.9 0.782 73763 0.18 0.56 12.93 1.19 0.51 1.05 0.87 2697 9 2646 23 2675 11 98 
TZD - 44 025-Z15B 59.8 14.7 0.500 102070 0.19 0.57 13.28 1.05 0.51 0.89 0.83 2718 9 2676 19 2700 10 98 
TZD - 44 036-Z21 94.9 55.1 0.779 9938 0.17 0.84 11.60 1.15 0.50 0.78 0.82 2554 14 2597 17 2573 11 102 
TZD - 44 037-Z22 145.8 333.7 0.434 2484 0.17 0.61 11.98 1.20 0.50 1.04 0.85 2594 10 2614 22 2603 11 101 
TZD - 44 040-Z25 197.9 281.0 0.220 2133 0.15 1.35 8.01 1.50 0.40 0.67 0.63 2306 23 2151 12 2232 13 93 
TZD - 44 042-Z26B 172.9 44.9 0.337 66148 0.14 0.56 7.65 0.96 0.41 0.79 0.79 2187 10 2196 15 2191 9 100 
TZD - 44 044-Z28 149.9 12.1 0.464 289375 0.24 0.40 21.50 0.81 0.65 0.71 0.85 3114 6 3237 18 3161 8 104 
TZD - 44 046-Z30 148.9 54.5 0.640 81549 0.17 0.53 12.48 1.51 0.52 1.41 0.93 2605 9 2689 31 2641 14 103 
TZD - 44 053-Z34B 48.0 25.6 0.286 29925 0.15 0.72 8.11 1.77 0.40 1.62 0.91 2325 12 2155 30 2244 16 93 
TZD - 44 063-Z40 26.7 9.2 0.736 69931 0.18 0.77 12.69 1.59 0.52 1.39 0.87 2616 13 2711 31 2657 15 104 
TZD - 44 064-Z41 26.7 7.7 0.580 57993 0.17 1.39 13.46 1.97 0.56 1.40 0.70 2587 23 2884 33 2713 19 111 
TZD - 44 070-Z45 15.6 2.5 1.041 48798 0.17 1.39 12.21 1.88 0.51 1.27 0.66 2584 23 2669 28 2621 18 103 
TZD - 44 073-Z46 38.6 22.9 0.471 36074 0.17 1.31 11.72 1.70 0.49 1.08 0.62 2583 22 2581 23 2582 16 100 
TZD - 44 074-Z47 17.7 16.0 0.944 21008 0.18 1.13 11.28 2.14 0.46 1.81 0.85 2622 19 2454 37 2547 20 94 
TZD - 44 075-Z48 80.5 253.3 0.578 1004 0.16 1.09 9.77 1.59 0.43 1.13 0.71 2494 18 2319 22 2413 14 93 
TZD - 44 076-Z49 127.2 10.7 0.193 196630 0.15 1.06 10.12 1.48 0.48 1.03 0.86 2386 18 2519 21 2446 14 106 
TZD - 44 077-Z50 126.0 111.8 0.553 6032 0.17 0.82 12.55 2.39 0.54 2.24 0.94 2556 14 2767 50 2646 22 108 
TZD - 44 079-Z52 73.8 61.3 0.799 12183 0.17 0.63 11.85 2.20 0.50 2.11 0.96 2592 11 2593 45 2593 21 100 
TZD - 44 080-Z53 126.2 12.3 0.441 227098 0.16 0.42 10.02 0.82 0.47 0.70 0.83 2411 7 2467 14 2436 8 102 
TZD - 44 085-Z56 104.2 33.8 0.436 46988 0.15 0.65 8.91 1.31 0.44 1.14 0.86 2325 11 2334 22 2329 12 100 
TZD - 44 087-Z58 127.4 81.1 0.354 15312 0.16 0.62 9.36 0.97 0.44 0.75 0.74 2411 10 2331 15 2374 9 97 
TZD - 44 092-Z63 33.2 9.0 0.669 69229 0.17 1.73 12.34 2.12 0.52 1.24 0.79 2579 29 2698 27 2631 20 105 
TZD - 44 097-Z65B 102.4 108.6 0.659 3510 0.17 0.62 11.08 0.99 0.46 0.77 0.75 2585 10 2461 16 2530 9 95 
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TZD - 44 098-Z66 29.9 11.3 0.480 65101 0.18 1.81 12.79 2.22 0.51 1.29 0.80 2656 30 2675 28 2664 21 101 
TZD - 44 100-Z68 113.7 9.5 0.411 313158 0.15 0.56 9.86 1.15 0.47 1.01 0.86 2388 9 2462 21 2422 11 103 
TZD - 44 102-Z70 229.6 369.9 0.273 2158 0.14 1.49 7.42 1.89 0.40 1.16 0.80 2169 26 2158 21 2163 17 99 
TZD - 44 107-Z73 300.9 189.8 0.433 5973 0.15 0.47 9.10 1.01 0.43 0.89 0.87 2387 8 2303 17 2348 9 96 
TZD - 44 108-Z74 288.3 22.4 0.252 269417 0.13 0.57 7.23 0.84 0.40 0.61 0.78 2123 10 2157 11 2140 7 102 
TZD - 44 111-Z77 280.2 357.4 0.233 2110 0.13 0.67 6.87 0.98 0.38 0.71 0.69 2097 12 2091 13 2094 9 100 
TZD - 44 112-Z78 182.3 12.5 1.415 396781 0.23 0.59 18.88 0.95 0.60 0.74 0.85 3042 9 3027 18 3036 9 99 
TZD-48 004-Z1 62.7 18.2 0.535 91935 0.13 0.57 7.26 0.98 0.40 0.80 0.79 2116 10 2173 15 2144 9 103 
TZD-48 006-Z3 147.6 73.1 0.272 40449 0.14 0.91 6.99 1.75 0.37 1.49 0.93 2175 16 2045 26 2111 16 94 
TZD-48 007-Z4 126.3 6.9 0.198 233616 0.14 0.47 7.70 0.76 0.41 0.59 0.73 2182 8 2212 11 2196 7 101 
TZD-48 008-Z5N 217.9 51.6 0.625 64669 0.13 0.46 7.35 0.89 0.40 0.76 0.84 2142 8 2168 14 2155 8 101 
TZD-48 009-Z5B 201.1 75.5 0.456 24495 0.13 0.47 7.27 1.21 0.39 1.12 0.92 2149 8 2142 20 2146 11 100 
TZD-48 010-Z6 134.5 182.7 0.546 35050 0.13 1.25 7.72 1.51 0.42 0.84 0.72 2134 22 2270 16 2199 14 106 
TZD-48 013-Z7 382.7 166.0 0.374 8551 0.14 0.60 8.00 1.41 0.42 1.28 0.90 2192 10 2273 24 2231 13 104 
TZD-48 016-Z10 231.4 26.7 0.455 109175 0.25 0.76 24.08 1.54 0.69 1.34 0.93 3212 12 3370 35 3272 15 105 
TZD-48 019-Z13 80.7 14.5 0.554 109735 0.14 0.58 7.82 1.60 0.42 1.49 0.93 2182 10 2241 28 2210 14 103 
TZD-48 020-Z14 129.5 17.4 0.599 176048 0.13 0.96 7.87 1.16 0.43 0.64 0.65 2151 17 2287 12 2216 10 106 
TZD-48 023-Z15 67.6 8.2 0.537 152638 0.13 0.74 8.06 1.11 0.44 0.83 0.72 2140 13 2346 16 2238 10 110 
TZD-48 024-Z16N 264.4 115.3 0.571 15621 0.13 0.55 6.70 0.95 0.37 0.77 0.79 2103 10 2042 14 2072 8 97 
TZD-48 025-Z17 169.2 28.2 0.306 349926 0.14 0.58 8.92 1.14 0.45 0.98 0.85 2266 10 2405 20 2330 10 106 
TZD-48 027-Z19 166.0 10.2 0.360 298703 0.14 0.50 7.75 0.76 0.41 0.58 0.70 2172 9 2236 11 2202 7 103 
TZD-48 028-Z20 87.1 25.1 0.486 97883 0.14 0.55 8.28 1.01 0.43 0.85 0.82 2243 10 2284 16 2262 9 102 
TZD-48 029-Z21 156.0 8.9 0.437 309011 0.13 0.51 7.42 0.83 0.40 0.65 0.74 2156 9 2171 12 2164 7 101 
TZD-48 030-Z22 333.3 157.5 0.724 6690 0.13 0.71 6.69 0.94 0.38 0.61 0.68 2082 12 2061 11 2071 8 99 
TZD-48 033-Z23 106.3 9.2 0.387 182815 0.13 0.66 7.78 1.15 0.43 0.94 0.80 2134 12 2284 18 2206 10 107 
TZD-48 034-Z24 181.8 71.2 0.390 155764 0.13 0.59 7.62 1.18 0.42 1.02 0.85 2141 10 2238 19 2188 11 105 
TZD-48 036-Z25B 36.2 10.3 0.638 72722 0.13 1.74 7.22 2.17 0.40 1.30 0.80 2118 30 2162 24 2139 19 102 
TZD-48 037-Z26 232.6 9.8 0.394 655582 0.21 0.46 16.97 0.79 0.58 0.64 0.77 2918 7 2955 15 2933 8 101 
TZD-48 038-Z27 69.5 11.2 0.355 107471 0.13 0.66 7.35 1.13 0.40 0.92 0.80 2130 12 2182 17 2155 10 102 
TZD-48 039-Z28 144.9 11.0 0.531 288494 0.14 0.49 8.59 0.94 0.44 0.80 0.83 2265 8 2329 16 2295 9 103 
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TZD-48 045-Z32 219.9 90.8 0.625 14547 0.13 0.52 7.07 0.89 0.39 0.73 0.79 2102 9 2139 13 2120 8 102 
TZD-48 046-Z33 138.4 6.3 0.381 245948 0.14 0.68 7.79 0.95 0.41 0.67 0.78 2212 12 2202 12 2207 9 100 
TZD-48 048-Z35 213.4 112.3 0.763 5685 0.13 0.49 7.29 1.03 0.40 0.91 0.87 2136 9 2159 17 2147 9 101 
TZD-48 050-Z37 196.7 27.7 0.712 123027 0.13 0.75 7.35 1.09 0.40 0.79 0.78 2161 13 2148 14 2155 10 99 
TZD-48 055-Z39 260.6 102.4 0.320 9696 0.14 0.52 8.25 0.89 0.42 0.73 0.79 2274 9 2242 14 2259 8 99 
TZD-48 056-Z40 188.0 25.2 0.596 219973 0.13 0.86 7.69 1.48 0.42 1.21 0.89 2134 15 2261 23 2195 13 106 
TZD-48 057-Z41 241.0 15.9 0.709 585722 0.13 0.49 6.97 1.02 0.38 0.89 0.86 2126 9 2089 16 2107 9 98 
TZD-48 058-Z42 42.0 10.3 0.370 91829 0.14 0.76 7.90 1.25 0.41 0.99 0.78 2218 13 2223 19 2220 11 100 
TZD-48 063-Z45 149.4 8.5 0.584 284438 0.13 0.66 7.00 1.06 0.39 0.83 0.76 2094 12 2130 15 2112 9 102 
TZD-48 064-Z46 137.3 14.2 0.339 239531 0.13 0.62 7.32 0.98 0.40 0.76 0.75 2118 11 2186 14 2152 9 103 
TZD-48 065-Z47 44.9 25.0 0.600 70786 0.14 1.23 8.14 2.00 0.41 1.58 0.78 2264 21 2228 30 2247 18 98 
TZD-48 066-Z48 65.2 13.6 0.553 100573 0.13 1.04 7.08 1.58 0.39 1.19 0.87 2127 18 2116 21 2121 14 100 
TZD-48 068-Z50 270.7 88.3 0.586 10438 0.13 0.49 7.05 0.87 0.38 0.72 0.80 2139 9 2097 13 2118 8 98 
TZD-48 074-Z54 65.9 48.7 0.693 39106 0.13 0.72 7.36 1.18 0.41 0.93 0.78 2096 13 2219 18 2156 11 106 
TZD-48 079-Z58 197.7 246.5 0.124 66796 0.13 0.71 7.36 1.13 0.42 0.88 0.76 2077 13 2240 17 2156 10 108 
TZD-48 083-Z60 246.9 126.7 0.362 6690 0.13 0.62 7.67 1.13 0.41 0.94 0.82 2152 11 2237 18 2193 10 104 
TZD-48 084-Z61 80.6 14.4 0.445 205312 0.25 0.47 23.63 0.89 0.68 0.76 0.83 3188 7 3360 20 3253 9 105 
TZD-48 085-Z62 106.6 8.5 0.422 222733 0.13 0.52 7.70 0.89 0.42 0.72 0.78 2152 9 2245 14 2196 8 104 
TZD-48 086-Z63 243.7 17.5 0.494 315055 0.13 0.54 7.78 1.04 0.43 0.89 0.90 2119 9 2300 17 2206 9 109 
TZD-48 087-Z64 115.6 9.7 0.519 260490 0.13 0.46 7.89 0.78 0.43 0.64 0.77 2159 8 2283 12 2219 7 106 
TZD-48 093-Z68 155.1 8.2 0.872 560385 0.25 0.56 21.88 1.11 0.64 0.96 0.85 3162 9 3204 24 3178 11 101 
TZD-48 098-Z73N 115.9 9.8 0.527 209989 0.14 0.59 8.48 1.03 0.44 0.84 0.80 2222 10 2354 17 2284 9 106 
TZD-48 099-Z73B 97.0 17.2 0.234 162062 0.14 0.69 8.51 1.09 0.44 0.83 0.74 2238 12 2342 16 2287 10 105 
TZD-48 035-Z25N 41.6 11.2 1.030 80954 0.13 0.79 7.39 1.31 0.40 1.05 0.79 2141 14 2179 19 2160 12 102 
TZD-48 014-Z8 91.9 9.9 0.636 287550 0.13 0.60 7.86 1.12 0.44 0.94 0.83 2100 11 2341 19 2215 10 111 
TZD-48 094-Z69 83.4 41.0 0.601 24969 0.13 0.57 8.28 0.95 0.46 0.76 0.77 2104 10 2439 15 2262 9 116 
TZD-48 073-Z53 287.0 158.1 0.375 6738 0.13 0.70 8.74 1.35 0.47 1.15 0.84 2153 12 2493 24 2311 12 116 
TZD-48 005-Z2 68.3 144.6 0.599 3513 0.22 0.52 19.59 1.07 0.65 0.94 0.86 2973 8 3223 24 3071 10 108 
TZD-48 040-Z29 517.2 617.5 0.658 3337 0.13 1.14 6.20 5.67 0.34 5.56 0.99 2106 20 1909 92 2005 50 91 
TZD-48 047-Z34 323.8 720.9 0.453 1778 0.18 0.43 11.87 0.83 0.49 0.71 0.83 2613 7 2571 15 2594 8 98 
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TZD-48 080-Z59 362.5 683.2 0.402 1624 0.13 1.55 7.66 2.47 0.42 1.93 0.91 2131 27 2257 37 2191 22 106 
TZD-48 089-Z66 332.7 416.7 0.312 2550 0.14 0.91 8.02 1.62 0.42 1.34 0.82 2226 16 2241 25 2233 15 101 
TZD-48 090-Z67 256.4 391.8 0.534 1917 0.14 0.66 7.24 1.83 0.39 1.70 0.96 2177 11 2105 31 2142 16 97 
TZD-48 096-Z71 246.6 216.8 0.313 3764 0.13 0.67 6.23 1.05 0.35 0.81 0.83 2077 12 1943 14 2009 9 94 
TZD-48 076-Z56 397.3 213.9 0.547 6487 0.13 0.73 5.64 1.05 0.32 0.75 0.80 2067 13 1792 12 1923 9 87 
TZD - 6 004-Z1 186.4 15.5 0.493 577728 0.27 0.62 25.24 0.96 0.68 0.74 0.73 3307 10 3335 19 3318 9 101 
TZD - 6 005-Z2 109.6 107.8 0.449 66922 0.27 0.51 26.02 1.05 0.70 0.92 0.86 3314 8 3404 24 3347 10 103 
TZD - 6 007-Z4 116.8 9.3 0.423 442469 0.27 0.41 26.14 0.81 0.70 0.69 0.83 3305 7 3430 18 3352 8 104 
TZD - 6 008-Z5 155.2 18.5 0.581 340946 0.27 0.39 26.61 0.86 0.71 0.77 0.87 3307 6 3475 21 3369 8 105 
TZD - 6 009-Z6 147.5 15.4 0.472 715885 0.27 0.37 26.03 1.02 0.70 0.95 0.92 3312 6 3408 25 3348 10 103 
TZD - 6 010-Z7 87.7 14.2 0.337 388769 0.27 0.83 25.29 1.11 0.68 0.73 0.78 3306 13 3342 19 3320 11 101 
TZD - 6 013-Z8 175.8 26.2 0.555 289623 0.27 0.45 24.15 0.93 0.65 0.81 0.86 3302 7 3229 21 3274 9 98 
TZD - 6 014-Z9 117.3 14.1 0.403 277039 0.27 0.40 26.47 0.70 0.71 0.57 0.77 3309 6 3457 15 3364 7 104 
TZD - 6 015-Z10 236.0 14.8 0.666 477127 0.27 0.49 27.90 1.68 0.74 1.61 0.96 3322 8 3577 44 3416 16 108 
TZD - 6 016-Z11 387.6 63.1 0.668 41881 0.26 0.57 23.29 1.37 0.64 1.25 0.95 3270 9 3189 31 3239 13 98 
TZD - 6 017-Z12 217.9 20.4 0.518 456267 0.27 0.36 24.08 0.81 0.65 0.73 0.88 3298 6 3228 18 3272 8 98 
TZD - 6 018-Z13 228.6 14.1 0.412 677379 0.27 0.42 25.18 0.87 0.67 0.76 0.85 3312 7 3321 20 3315 8 100 
TZD - 6 019-Z14 170.0 17.3 0.562 359103 0.27 0.40 25.83 0.84 0.69 0.74 0.86 3306 6 3398 20 3340 8 103 
TZD - 6 020-Z15 288.0 78.3 0.726 21194 0.27 1.54 26.68 1.93 0.71 1.16 0.80 3326 24 3450 31 3372 19 104 
TZD - 6 024-Z17 266.2 17.7 1.232 385918 0.27 0.44 26.37 0.73 0.71 0.58 0.74 3310 7 3446 15 3360 7 104 
TZD - 6 025-Z18 165.9 20.4 0.570 368411 0.27 0.48 25.49 1.07 0.68 0.96 0.88 3308 8 3359 25 3327 11 102 
TZD - 6 027-Z20 109.9 11.5 0.411 409009 0.27 0.41 25.50 0.68 0.69 0.54 0.73 3302 7 3370 14 3327 7 102 
TZD - 6 028-Z21 188.0 28.3 0.666 198145 0.27 0.38 25.36 0.76 0.68 0.66 0.84 3300 6 3359 17 3322 7 102 
TZD - 6 029-Z22 69.1 10.3 0.406 160613 0.27 0.64 26.03 1.18 0.70 1.00 0.83 3313 10 3405 26 3348 12 103 
TZD - 6 030-Z23 83.0 16.6 0.456 200320 0.27 0.60 25.46 0.92 0.68 0.71 0.82 3306 9 3360 18 3326 9 102 
TZD - 6 031-Z24 172.0 14.5 0.448 517927 0.27 0.43 25.48 0.73 0.68 0.58 0.75 3308 7 3358 15 3327 7 102 
TZD - 6 035-Z27 143.2 15.4 0.444 504087 0.27 0.51 26.27 0.80 0.70 0.62 0.72 3317 8 3423 16 3357 8 103 
TZD - 6 036-Z28 122.3 14.2 0.498 302838 0.27 0.52 25.64 0.99 0.68 0.84 0.83 3319 8 3356 22 3333 10 101 
TZD - 6 037-Z29 315.2 15.7 0.476 702975 0.27 0.53 26.36 0.79 0.71 0.59 0.77 3309 8 3446 16 3360 8 104 
TZD - 6 038-Z30 378.7 26.5 1.527 382495 0.27 0.43 25.40 1.66 0.68 1.61 0.97 3306 7 3352 42 3324 16 101 
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TZD - 6 042-Z32 145.9 13.5 0.477 354807 0.27 0.51 24.91 1.01 0.66 0.88 0.85 3320 8 3280 23 3305 10 99 
TZD - 6 043-Z33 182.7 14.8 0.544 460058 0.27 0.45 24.27 0.78 0.65 0.64 0.78 3311 7 3227 16 3279 8 97 
TZD - 6 044-Z34 186.8 13.0 0.493 505929 0.27 0.43 23.59 0.82 0.64 0.70 0.82 3298 7 3177 18 3251 8 96 
TZD - 6 045-Z35 190.1 13.3 0.555 571559 0.27 0.51 26.25 0.86 0.70 0.69 0.83 3318 8 3419 18 3356 8 103 
TZD - 6 046-Z36 214.4 33.0 0.882 97046 0.27 0.56 24.35 1.99 0.65 1.91 0.96 3310 9 3238 49 3282 19 98 
TZD - 6 047-Z37 95.0 5.3 0.369 453182 0.27 0.44 25.52 0.93 0.68 0.81 0.86 3307 7 3363 21 3328 9 102 
TZD - 6 048-Z38 101.6 13.2 0.376 429224 0.27 0.49 25.80 0.86 0.69 0.71 0.79 3309 8 3389 19 3339 8 102 
TZD - 6 049-Z39 134.9 7.5 0.452 475392 0.27 0.56 26.27 0.95 0.70 0.77 0.83 3321 9 3416 20 3357 9 103 
TZD - 6 053-Z40 242.0 10.0 0.560 747027 0.27 0.48 25.37 0.77 0.68 0.60 0.73 3320 8 3328 16 3323 8 100 
TZD - 6 054-Z41 111.6 12.3 0.389 322230 0.27 0.48 26.13 0.77 0.70 0.60 0.73 3312 8 3417 16 3351 8 103 
TZD - 6 055-Z42 160.8 18.0 0.639 396922 0.27 0.50 27.25 0.92 0.73 0.77 0.86 3314 8 3528 21 3393 9 106 
TZD - 6 056-Z43 97.9 12.2 0.432 237597 0.27 0.44 26.10 0.83 0.69 0.70 0.82 3321 7 3400 19 3350 8 102 
TZD - 6 057-Z44 173.8 11.9 0.428 538467 0.27 0.41 27.01 0.68 0.72 0.55 0.75 3314 6 3504 15 3384 7 106 
TZD - 6 058-Z45 170.4 12.1 0.587 579724 0.27 0.39 25.18 0.79 0.67 0.69 0.85 3310 6 3324 18 3315 8 100 
TZD - 6 059-Z46 160.2 21.3 2.182 172247 0.26 0.84 21.12 3.05 0.59 2.93 0.99 3249 13 2981 70 3144 30 92 
TZD - 6 060-Z47 126.4 16.7 0.508 397926 0.27 0.38 25.54 0.82 0.68 0.72 0.86 3309 6 3363 19 3329 8 102 
TZD - 6 061-Z48 118.5 124.9 0.533 12788 0.27 0.38 26.19 0.76 0.71 0.66 0.84 3299 6 3446 18 3354 7 104 
TZD - 6 062-Z49 216.8 8.1 0.568 725467 0.27 0.38 26.57 0.80 0.71 0.70 0.86 3317 6 3454 19 3368 8 104 
TZD - 6 065-Z50 118.1 14.7 2.072 270433 0.27 0.46 22.62 0.94 0.61 0.82 0.86 3301 7 3069 20 3211 9 93 
TZD - 6 066-Z51 94.8 14.7 0.412 253771 0.27 0.42 26.33 0.94 0.71 0.84 0.88 3310 7 3441 22 3359 9 104 
TZD - 6 067-Z52 154.4 14.5 0.436 334015 0.27 0.41 27.55 0.95 0.74 0.85 0.89 3308 7 3567 23 3403 9 108 
TZD - 6 068-Z53 121.8 10.6 0.415 351867 0.27 0.51 26.01 0.95 0.69 0.80 0.88 3321 8 3390 21 3347 9 102 
TZD - 6 070-Z55 124.7 13.7 0.432 393902 0.27 0.41 25.14 0.78 0.67 0.66 0.81 3316 6 3310 17 3314 8 100 
TZD - 6 071-Z56 106.6 9.6 0.724 470246 0.27 0.47 25.51 0.81 0.68 0.66 0.78 3320 7 3341 17 3328 8 101 
TZD - 6 072-Z57 147.3 11.2 0.446 483525 0.27 0.54 25.40 0.85 0.68 0.66 0.77 3317 8 3336 17 3324 8 101 
TZD - 6 075-Z58 85.6 16.0 0.464 361920 0.27 0.59 25.20 0.97 0.67 0.77 0.77 3321 9 3308 20 3316 9 100 
TZD - 6 076-Z59 138.0 15.4 0.560 337994 0.27 0.54 25.96 0.99 0.69 0.83 0.82 3327 8 3376 22 3345 10 101 
TZD - 6 077-Z60 204.1 11.5 0.899 492471 0.27 0.64 22.18 1.22 0.60 1.04 0.84 3288 10 3040 25 3192 12 92 
TZD - 6 078-Z61 244.2 204.4 1.044 9806 0.24 1.62 18.50 2.33 0.55 1.68 0.88 3136 26 2839 38 3016 22 91 
TZD - 6 079-Z62 63.8 11.0 0.712 157873 0.27 0.74 28.23 1.61 0.75 1.43 0.88 3324 12 3606 39 3427 16 108 
210 
 
TZD - 6 081-Z64 155.5 9.4 0.421 574806 0.27 0.66 26.53 0.93 0.71 0.65 0.65 3317 10 3450 17 3366 9 104 
TZD - 6 082-Z65 170.8 13.5 0.455 461320 0.27 0.86 23.82 1.19 0.64 0.83 0.77 3315 14 3174 21 3261 12 96 
TZD - 6 086-Z66 132.2 12.7 0.458 506711 0.27 0.58 27.13 0.88 0.72 0.67 0.72 3322 9 3502 18 3388 9 105 
TZD - 6 087-Z67 187.2 20.4 0.851 490229 0.27 0.65 25.68 1.20 0.68 1.01 0.83 3323 10 3354 26 3335 12 101 
TZD - 6 088-Z68 72.2 13.1 1.333 220604 0.27 0.99 24.83 1.26 0.66 0.78 0.75 3313 16 3282 20 3302 12 99 
TZD - 6 089-Z69 60.7 18.5 0.495 146184 0.27 0.61 23.64 0.94 0.64 0.72 0.73 3290 10 3195 18 3254 9 97 
TZD - 6 090-Z71 163.8 15.6 0.576 410434 0.27 0.49 25.03 0.84 0.67 0.68 0.78 3311 8 3306 18 3309 8 100 
TZD - 6 091-Z72 167.2 7.0 0.558 664808 0.27 0.50 25.68 0.90 0.69 0.75 0.81 3317 8 3364 20 3335 9 101 
TZD - 6 095-Z74 170.7 11.1 0.494 634938 0.27 0.55 26.03 0.96 0.70 0.79 0.80 3314 9 3404 21 3348 9 103 
TZD - 6 096-Z75 210.3 22.8 0.509 316911 0.27 0.49 25.99 0.82 0.69 0.65 0.76 3315 8 3399 17 3346 8 103 
TZD - 6 097-Z76 153.1 10.5 0.521 485419 0.27 0.52 26.68 0.80 0.71 0.61 0.71 3312 8 3473 16 3372 8 105 
TZD - 6 098-Z77 80.1 11.6 0.428 218752 0.27 0.54 25.43 1.15 0.68 1.02 0.91 3306 8 3356 27 3325 11 102 
TZD - 6 099-Z78 166.3 6.7 0.568 880559 0.27 0.56 25.83 0.94 0.69 0.76 0.78 3310 9 3391 20 3340 9 102 
TZD - 6 100-Z79 100.7 15.0 0.459 275192 0.27 0.47 24.93 0.82 0.67 0.67 0.79 3311 7 3296 17 3305 8 100 
TZD - 6 101-Z80 83.8 10.6 0.508 294804 0.27 0.46 26.26 0.85 0.70 0.71 0.81 3310 7 3435 19 3356 8 104 
TZD - 6 102-Z81 90.5 16.1 0.393 159839 0.27 0.62 26.65 0.98 0.72 0.76 0.83 3307 10 3479 20 3371 10 105 
TZD - 6 105-Z82 74.3 54.6 0.423 187281 0.28 0.63 27.69 1.08 0.72 0.87 0.79 3359 10 3493 24 3408 11 104 
TZD - 6 106-Z83 311.5 173.8 0.642 9306 0.27 0.49 24.75 0.98 0.66 0.84 0.85 3310 8 3280 22 3299 10 99 
TZD - 6 107-Z84 128.7 13.6 2.163 318552 0.27 0.53 25.17 1.12 0.67 0.99 0.87 3314 8 3316 26 3315 11 100 
TZD - 6 108-Z85 207.4 13.6 1.223 740252 0.27 0.48 23.36 0.79 0.63 0.63 0.82 3295 7 3157 16 3242 8 96 
TZD - 6 109-Z86 127.5 16.0 0.532 485624 0.27 0.45 26.02 0.95 0.70 0.83 0.87 3310 7 3410 22 3347 9 103 
TZD - 6 110-Z87 105.9 12.3 0.473 360788 0.27 0.39 25.77 0.95 0.69 0.86 0.90 3314 6 3379 23 3338 9 102 
TZD - 6 111-Z88 138.1 20.1 0.606 381198 0.27 0.43 25.05 1.41 0.67 1.34 0.95 3310 7 3311 35 3310 14 100 
TZD - 6 026-Z19 137.7 374.0 1.117 3340 0.27 1.53 26.42 2.22 0.72 1.61 0.89 3285 24 3494 43 3362 22 106 
TZD - 85 006-Z2   146.0 0.311 7369 0.13 0.45 6.66 0.83 0.36 0.70 0.81 2111 8 1976 12 2068 7 96 
TZD - 85 008-Z5N   213.6 0.439 5589 0.13 0.37 6.28 0.80 0.34 0.71 0.86 2076 7 1910 12 2016 7 95 
TZD - 85 013-Z7N   11.9 0.296 329449 0.14 0.45 7.81 0.89 0.41 0.77 0.84 2141 8 2231 15 2210 8 101 
TZD - 85 016-Z9   17.9 0.321 91897 0.13 0.42 7.08 0.78 0.39 0.66 0.81 2079 8 2113 12 2121 7 100 
TZD - 85 017-Z10   32.7 0.629 134559 0.13 0.36 6.85 0.72 0.38 0.63 0.84 2041 7 2094 11 2093 6 100 
TZD - 85 018-Z11N   126.6 0.254 6944 0.13 0.44 5.64 1.41 0.31 1.34 0.95 2068 8 1745 21 1922 12 91 
211 
 
TZD - 85 019-Z11B   94.0 0.206 10948 0.13 0.42 5.59 1.48 0.31 1.42 0.96 2069 8 1733 22 1915 13 90 
TZD - 85 026-Z13   26.0 0.153 75156 0.14 0.52 7.32 0.94 0.39 0.78 0.81 2127 9 2125 14 2151 8 99 
TZD - 85 027-Z14   69.0 0.449 26530 0.14 0.45 7.07 0.82 0.38 0.68 0.80 2121 8 2069 12 2120 7 98 
TZD - 85 028-Z15N   25.4 0.299 223069 0.13 0.51 7.05 0.85 0.39 0.68 0.77 2074 9 2110 12 2117 8 100 
TZD - 85 032-Z18   21.5 0.176 33276 0.14 0.77 6.92 1.30 0.37 1.04 0.79 2122 14 2030 18 2101 12 97 
TZD - 85 038-Z22   59.9 0.129 71090 0.13 0.39 6.53 0.70 0.36 0.58 0.78 2065 7 1986 10 2050 6 97 
TZD - 85 039-Z23   28.6 0.232 119560 0.14 0.43 7.41 0.77 0.39 0.64 0.79 2146 8 2127 12 2163 7 98 
TZD - 85 041-Z25   102.3 0.164 5728 0.14 0.37 6.69 1.02 0.35 0.95 0.92 2154 7 1941 16 2072 9 94 
TZD - 85 042-Z26   28.0 0.189 115134 0.14 0.45 7.65 0.92 0.40 0.81 0.86 2146 8 2184 15 2190 8 100 
TZD - 85 047-Z29   27.5 0.367 99128 0.13 0.57 6.60 1.04 0.37 0.86 0.81 2054 10 2016 15 2060 9 98 
TZD - 85 050-Z32   11.7 0.283 96806 0.13 0.59 6.35 1.13 0.35 0.97 0.84 2083 11 1922 16 2026 10 95 
TZD - 85 058-Z37   8.4 0.212 278030 0.14 0.60 7.35 0.93 0.39 0.71 0.72 2157 11 2100 13 2155 8 97 
TZD - 85 060-Z39   12.2 0.350 113006 0.14 0.48 6.99 0.90 0.37 0.76 0.82 2145 9 2026 13 2111 8 96 
TZD - 85 061-Z40   14.3 0.230 128520 0.14 0.58 7.24 1.02 0.37 0.84 0.80 2182 10 2050 15 2142 9 96 
TZD - 85 062-Z41   117.6 0.169 5611 0.14 0.54 6.12 0.95 0.32 0.78 0.80 2141 10 1807 12 1992 8 91 
TZD - 85 068-Z45   33.9 0.465 78859 0.13 0.75 6.68 1.04 0.36 0.73 0.66 2090 14 2000 13 2070 9 97 
TZD - 85 078-Z53   141.1 0.387 7553 0.14 1.49 6.98 1.69 0.37 0.80 0.44 2157 27 2009 14 2108 15 95 
TZD - 85 079-Z54   15.4 0.188 95821 0.14 0.93 7.71 1.42 0.40 1.08 0.75 2158 17 2188 20 2198 13 100 
TZD - 85 080-Z55   31.5 0.352 82753 0.13 0.94 6.52 1.30 0.36 0.90 0.67 2085 17 1962 15 2048 11 96 
TZD - 85 081-Z56   34.8 0.294 19919 0.13 1.02 5.85 1.48 0.32 1.08 0.71 2080 18 1791 17 1953 13 92 
TZD - 85 082-Z57   13.1 0.474 81954 0.13 0.72 7.30 1.10 0.40 0.83 0.73 2100 13 2148 15 2149 10 100 
TZD - 85 030-Z16   203.9 0.248 3397 0.13 0.44 6.52 0.97 0.36 0.87 0.89 2068 8 1981 15 2049 8 97 
TZD - 85 056-Z35   80.7 0.296 4134 0.14 0.54 6.65 1.25 0.36 1.13 0.90 2118 9 1967 19 2066 11 95 
TZD - 201 005-Z2   30.2 1.151 131817 0.17 0.45 11.59 0.70 0.48 0.54 0.70 2554 8 2535 11 2572 7 99 
TZD - 201 009-Z4   20.7 1.598 167728 0.18 0.64 11.38 1.15 0.46 0.95 0.81 2587 11 2455 19 2554 11 96 
TZD - 201 016-Z9   28.1 1.403 180618 0.27 0.46 23.68 1.60 0.64 1.53 0.96 3245 7 3199 39 3255 16 98 
TZD - 201 018-Z11   14.6 0.856 147168 0.13 0.73 7.17 1.08 0.39 0.80 0.71 2092 13 2124 14 2133 10 100 
TZD - 201 023-Z14   87.1 0.961 42219 0.28 1.09 26.22 1.40 0.68 0.89 0.61 3314 18 3347 23 3355 14 100 
TZD - 201 004-Z1   27.3 0.703 118829 0.13 0.53 6.29 0.86 0.36 0.67 0.75 1988 10 1996 12 2017 7 99 




Table 3: LA-MC-ICPMS U–Pb in situ data of zircon from granitic rocks intrusive on the Contendas-Mirante supracrustal belt, Brazil. 
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U 2s Conc  
TZD - 15 015-Z7B 45.6 14.7 0.473 41062 0.102 1.411 4.008 1.852 0.285 1.200 0.634 1663 17 1615 26 1636 15 97 
TZD - 15 019-Z10N 269.9 13.4 0.940 308986 0.106 0.544 4.367 0.986 0.298 0.822 0.814 1736 12 1682 10 1706 8 97 
TZD - 15 024-Z12 114.9 10.4 0.648 150253 0.106 0.639 4.326 1.084 0.295 0.875 0.788 1737 13 1667 12 1698 9 96 
TZD - 15 025-Z13 243.7 24.2 0.976 137971 0.106 0.877 4.335 1.454 0.297 1.159 0.787 1731 17 1675 16 1700 12 97 
TZD - 15 034-Z18 1319.7 108.7 6.725 399089 0.104 2.953 4.741 3.731 0.331 2.280 0.607 1696 37 1842 54 1774 31 109 
TZD - 15 035-Z19B 184.5 15.6 0.684 199456 0.106 0.531 4.712 1.007 0.321 0.855 0.832 1739 13 1795 10 1769 8 103 
TZD - 15 045-Z27 72.9 8.5 0.626 108830 0.107 1.076 4.546 1.659 0.307 1.263 0.751 1753 19 1728 20 1739 14 99 
TZD - 15 058-Z35 225.2 10.0 0.660 293005 0.106 0.771 4.209 1.172 0.288 0.883 0.857 1730 13 1633 14 1676 10 94 
TZD - 15 061-Z37 307.9 11.8 0.355 315329 0.107 0.482 4.360 0.999 0.296 0.875 0.862 1744 13 1673 9 1705 8 96 
TZD - 15 075-Z47 315.7 14.2 0.405 362529 0.106 0.513 4.648 0.885 0.317 0.722 0.786 1740 11 1773 9 1758 7 102 
TZD - 15 014-Z7N 78.7 24.8 0.668 35828 0.101 0.777 4.008 1.388 0.288 1.151 0.819 1638 17 1634 14 1636 11 100 
TZD - 15 020-Z10B 142.7 12.3 0.596 167991 0.107 1.123 4.207 1.356 0.286 0.761 0.716 1743 11 1622 21 1675 11 93 
TZD - 15 047-Z10B2 201.0 8.6 0.412 238307 0.107 0.619 4.357 0.867 0.296 0.607 0.644 1745 9 1671 11 1704 7 96 
TZD - 15 009-Z5B 590.9 140.5 0.457 8845 0.107 0.663 3.965 0.863 0.269 0.553 0.567 1748 8 1535 12 1627 7 88 
TZD - 15 070-Z44 67.4 13.7 0.849 56420 0.102 1.093 3.577 1.914 0.254 1.571 0.815 1661 21 1461 20 1544 15 88 
TZD - 15 005-Z2 174.2 68.4 0.305 12372 0.199 4.462 14.176 5.290 0.517 2.843 0.535 2818 73 2685 62 2762 50 95 
TZD - 15 007-Z3N 54.8 39.4 0.413 80282 0.271 0.954 23.639 1.342 0.632 0.943 0.682 3314 15 3156 24 3254 13 95 
TZD - 15 007-Z4 174.0 17.2 0.370 242482 0.177 0.499 11.641 0.748 0.477 0.556 0.678 2625 8 2515 12 2576 7 96 
TZD - 15 013-Z6 85.0 69.9 0.721 26867 0.185 0.684 12.029 1.206 0.472 0.993 0.810 2695 11 2494 21 2607 11 93 
TZD - 15 018-Z9 248.5 15.9 0.167 335006 0.182 0.425 12.725 1.131 0.507 1.048 0.921 2671 7 2645 23 2660 11 99 
TZD - 15 026-Z14N 487.1 202.6 1.586 9419 0.180 0.995 12.686 1.380 0.510 0.956 0.837 2656 16 2657 21 2657 13 100 
TZD - 15 028-Z15N 914.6 33.3 0.370 332490 0.183 0.412 13.675 1.343 0.541 1.278 0.949 2685 7 2786 29 2727 13 104 
TZD - 15 036-Z20 224.1 16.4 0.419 525015 0.184 0.946 13.603 1.171 0.535 0.690 0.740 2693 16 2762 15 2722 11 103 
TZD - 15 038-Z22 233.6 14.6 0.384 435056 0.182 0.471 12.757 0.962 0.507 0.838 0.856 2674 8 2646 18 2662 9 99 
TZD - 15 039-Z23 218.4 18.6 0.378 299047 0.200 1.138 13.741 1.566 0.497 1.076 0.671 2830 19 2602 23 2732 15 92 
TZD - 15 040-Z24 431.1 28.2 0.387 325340 0.182 0.773 11.822 1.107 0.472 0.792 0.802 2670 13 2491 16 2590 10 93 
213 
 
TZD - 15 043-Z25N 94.3 6.8 0.436 194007 0.183 0.817 12.244 1.204 0.485 0.885 0.712 2681 14 2549 19 2623 11 95 
TZD - 15 046-Z28 76.9 194.9 4.943 1777 0.281 1.427 24.230 1.672 0.626 0.871 0.718 3367 22 3134 22 3278 16 93 
TZD - 15 051-Z30 27.0 6.5 0.357 53613 0.135 2.452 7.317 2.945 0.393 1.631 0.783 2164 43 2137 30 2151 26 99 
TZD - 15 055-Z32 306.8 62.1 0.685 19718 0.187 0.587 11.872 0.935 0.461 0.727 0.746 2714 10 2444 15 2594 9 90 
TZD - 15 056-Z33 66.9 12.7 0.780 94964 0.132 0.773 6.654 1.087 0.367 0.765 0.670 2120 14 2013 13 2067 10 95 
TZD - 15 059-Z36N 71.8 17.1 0.773 73487 0.130 0.923 6.231 1.597 0.348 1.303 0.808 2095 16 1926 22 2009 14 92 
TZD - 15 064-Z39 182.1 15.9 0.385 357099 0.181 0.550 11.725 1.043 0.469 0.886 0.834 2664 9 2481 18 2583 10 93 
TZD - 15 027-Z14B 323.8 32.2 0.481 264851 0.183 0.656 13.233 1.597 0.525 1.456 0.908 2678 11 2720 32 2696 15 102 
TZD - 15 071-Z45 259.6 36.7 0.388 87379 0.261 0.665 22.040 1.243 0.612 1.050 0.906 3255 10 3076 26 3185 12 95 
TZD - 15 076-Z48 250.3 15.3 0.296 253331 0.129 0.648 7.027 1.267 0.394 1.089 0.850 2090 11 2141 20 2115 11 102 
TZD - 15 068-Z42N 133.2 14.0 0.395 191671 0.171 0.530 10.415 0.926 0.441 0.759 0.794 2571 9 2354 15 2472 9 92 
TZD - 15 080-Z42B2 178.2 5.8 0.326 373791 0.153 0.453 8.348 0.911 0.395 0.790 0.849 2383 8 2146 14 2270 8 90 
TZD - 15 067-Z42B 633.7 21.2 0.470 472854 0.160 1.169 9.071 1.612 0.411 1.111 0.850 2456 20 2220 21 2345 15 90 
TZD - 15 060-Z36B 204.8 14.0 0.438 614471 0.128 0.441 6.260 0.856 0.354 0.734 0.834 2072 8 1955 12 2013 7 94 
TZD - 15 010-Z5N 373.3 34.7 0.521 240228                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          0.891 4.511 1.066 0.307 0.586 0.691 1744 9 1724 16 1733 9 99
TZD - 86 005-Z2   23.3 0.632 51774 0.133 0.781 6.617 1.288 0.361 1.024 0.781 2087 14 1987 18 2062 11 96 
TZD - 86 010-Z7   36.5 0.616 24801 0.132 1.033 7.131 1.542 0.390 1.145 0.729 2081 19 2125 21 2128 14 100 
TZD - 86 015-Z10   24.4 0.518 324591 0.321 0.478 30.149 0.845 0.681 0.697 0.794 3531 8 3349 18 3492 8 96 
TZD - 86 017-Z12   67.4 1.185 22023 0.124 0.391 5.738 0.809 0.337 0.709 0.853 1958 7 1870 12 1937 7 97 
TZD - 86 020-Z15   32.1 1.526 145259 0.125 0.387 6.167 0.834 0.359 0.739 0.866 1972 7 1978 13 2000 7 99 
TZD - 86 023-Z16   654.3 0.237 2811 0.128 0.420 6.278 1.913 0.357 1.867 0.977 2016 7 1966 32 2015 17 98 
TZD - 86 024-Z17   188.3 0.168 5992 0.134 0.424 7.452 1.257 0.403 1.183 0.938 2102 8 2184 22 2167 11 101 
TZD - 86 028-Z21   25.3 1.350 131497 0.125 0.435 5.964 0.925 0.346 0.817 0.867 1976 8 1918 14 1971 8 97 
TZD - 86 035-Z26   218.3 1.639 3366 0.120 0.510 4.845 1.015 0.292 0.878 0.857 1909 9 1652 13 1793 9 92 
TZD - 86 004-Z1   235.8 1.821 3862 0.111 0.453 3.250 1.158 0.212 1.065 0.919 1771 8 1237 12 1469 9 84 
TZD - 86 008-Z5   412.2 1.245 2023 0.107 0.447 2.553 1.454 0.173 1.383 0.955 1700 8 1027 13 1287 11 80 
TZD - 86 013-Z8   726.8 0.949 869 0.114 0.817 3.595 2.104 0.229 1.939 0.936 1810 15 1329 23 1549 17 86 
TZD - 86 014-Z9   365.0 0.082 2855 0.104 0.677 2.318 2.371 0.162 2.272 0.961 1639 13 968 20 1218 17 80 
TZD - 86 016-Z11   82.7 1.048 11689 0.120 0.546 4.486 2.166 0.271 2.096 0.967 1908 10 1544 29 1728 18 89 
TZD - 86 026-Z19   981.0 0.211 1192 0.095 1.189 1.787 2.115 0.137 1.750 0.851 1472 22 825 14 1041 14 79 
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Rochas vulcânicas básicas e intermediárias afloram no setor nordeste da 
sequência supracrustal Contendas-Mirante. Elas ocorrem intercaladas nos xistos da 
Formação Rio Gavião e Jurema Leste e como uma faixa contínua bordejando o limite 
ocidental da intrusão gabróica do Rio Jacaré. Nas intercalações com metassedimentos 
da Formação Rio Gavião predominam basaltos Mg-toleíticos subalcalino de baixo 
potássio e, de maneira subordinada, basaltos Fe-toleíticos subalcalino. As rochas 
ultramáficas ocorrem associadas à formação ferrífera bandada e são classificadas como 
picritos. Por outro lado, as rochas ígneas que bordejam a intrusão gabróica apresentam 
contato gradacional com os gabros e são classificados dominantemente como basalto-
andesito e andesito cálcio-alcalino. A idade máxima de cristalização destas rochas é 
2,17 Ga, sendo estabelecida pela população principal de zircão detrítico extraídos do 
metassedimento que ocorre intercalado a vulcânica básica e por um único zircão 
concordante obtido do meta-andesito em contato com o gabro do Rio Jacaré. Idade 
modelo Sm-Nd forneceu idade entre 2.57 e 3.0 Ga para os basaltos e entre 2.95 e 3.1 Ga 
para os andesitos. Os valores negativos εNd(2150) entre -3 e -9 para os basaltos e εNd(2150) 
entre -4,5 e -10 para os andesitos corroboram com os dados geoquímico e caracteriza 
processo de assimilação crustal durante colocação e diferenciação. A leste da intrusão 
do Rio Jacaré rochas monzograníticas se encontram cisalhadas sugerindo que a intrusão 
gabróca é tardi- a pós- cisalhamento. Os monzogranitos possuem idade de cristalização 
em ca. 2.65 Ga e constituem parte do Bloco Jequié, sendo temporalmente correlato aos 
complexos Caraíba e São José do Jacuípe, parte norte do orógeno Itabuna-Salvador-
Curaça. O monzogranito possui afinidade geoquímica de magmatismo intraplaca, 
possivelmente derivados de litotipos crustais e podem ser correlacionados ao granito Pé 
de Serra (Marinho et al., 2008) e possuem a mesma idade das rochas que compõem o 
complexo Caraíba e São José do Jacuípe na porção norte do OISC (Oliveira et al., 2004; 
Silva et al., 2002). 
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1. Contexto Geológico 
A sequência vulcanossedimentar Contendas-Mirante (SCM) está inserida na 
parte sul do lineamento Contendas-Jacobina, porção centro-leste do Craton São 
Francisco, estado da Bahia. Este lineamento se estende por cerca de 600 km entre o 
limite dos blocos Jequié e Gavião e corresponde a sistema transcorrente N-S e 
cinemática sinestral que controla, espacial e temporalmente, a intrusão de granitos a 
duas micas em 2035 Ma (Anexo 1). A colocação destes corpos é tardi- a pós-tectônico 
em relação ao evento de encurtamento crustal E-W, que precede o desenvolvimento de 
zonas de cisalhamento. A SCM se estende por 190 km de comprimento e 65 km de 
largura e se estrutura em uma sinforme de eixo N-S imbricada por zonas de 
cavalgamento com vergência para oeste. Dentro desta estruturação o grau metamórfico 
aumenta de oeste para leste, desde a fácies xisto verde baixo, zona da clorita, até a 
fácies anfibolito, zona da sillimanita e K-feldspato, por ação térmica de corpos 
graníticos intrusivos (Marinho et al., 1978).  
Duas unidades principais constituem a SCM (Marinho et al., 1978; 1994a). A 
unidade Inferior é constituída por rochas vulcânicas básicas e intermediárias que se 
associam a metagrauvaca dacítica, formações ferríferas bandadas e metachert 
(formações Jurema Leste e Santana), e filitos cinza e preto que preservam pirita detrítica 
e matéria carbonácea (Formação Travessão). Idade modelo Sm-Nd forneceu valores 
TDM entre 2,57 e 3,0 Ga para os basaltos e ca. 3,0 Ga para os andesitos, resultando em 
valores εNd(2150) negativo entre -3 e -9 para os basaltos e entre -4,5 e -10 para os 
andesitos (Marinho et al. 1994b). A unidade Superior comporta a transição siliciclástica 
grano-ascendente de xistos aluminosos, metagrauvaca (formações Mirante, Rio 
Gavião), e arenitos (Formação Areião). Marinho et al. (1994a) interpretam a unidade 
Superior como a transição de ambiente deposicional epicontinental a marinho, com 
fácies fluvio-deltáica associada. Estudo de proveniência sedimentar por análise U-Pb 
em zircão detrítico demonstrou que a idade máxima para deposição dos sedimentos é de 
2,12 Ga para a unidade Inferior e de 2,07 Ga para a unidade Superior (Anexo 1). 
A exumação dos domos Paleoarqueano que ocorrem na parte sul da SCM é 
tectônico e verticaliza os sedimentos Paleoproterozóico, enquanto veios de quartzo 
marca a zona de falha que separa os metassedimentos da formação Mirante e os riolitos 
de 3,30 Ga. Ambos, domos e vulcânicas félsicas, fazem parte do bloco Gavião, 
indicando que a SCM corresponde a uma bacia ensiálica. Por outro lado, entre as rochas 
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vulcano-sedimentares da SCM e os granulitos charno-enderbtíco do bloco Jequié 
ocorrem à soleira gabróica do Rio Jacaré, folhas de granito equigranular do tipo Pé de 
Serra e uma faixa de hornblenda monzogranito. A intrusão do Rio Jacaré corresponde a 
corpo estratiforme composto por gabros, piroxenitos e magnetitos mineralizado em 
vanádio (Brito, 2000), datado em 2,63 Ga pelo método U/Pb em LA-ICP-MS (Brito, 
não publicado, apud Barbosa, 2014). Importante realçar que os hornblenda 
monzogranitos ocorrem de ambas os lados da soleira do Rio Jacaré; a oeste 
correspondem a augen gnaisses imbricados por zonas de cavalgamento em meio aos 
metassedimentos da SCM e empurrados para cima do bloco Gavião, enquanto a leste se 
encontra cisalhado com foliação vertical e topo para norte. O granito Pé de Serra foi 
datado pelo método U/Pb SHRIMP em 2652±11 Ma, sugerindo ser gerados por 
derivação crustal a partir das rochas charnoenderbíticas da região de Laje-Mutuípe, 
bloco Jequié (Marinho et al., 1994b; 2008). 
2. Parte 1: Rochas vulcânicas básicas a intermediária 
2.1. Aspecto Geológico e Petrográfico 
Os metabasaltos afloram em pequenos corpos alongados e descontínuos que se 
estendem na direção NNW-SSE ao longo da borda leste e nordeste da SCM. Estas 
rochas vulcânicas estão associadas à biotita xisto que, ao menos em parte, representam 
rochas metavulcanoclásticas ou vulcânicas metassomatizadas. Os basaltos são 
melanocráticos a mesocráticos, de cor cinza-azulado, afaníticos a granulares fino, tanto 
homogêneas como amigdaloidais. Mostram-se moderadamente foliados, com planos de 
foliação discretos e pouco pervasivos, apresentando-se também fraturados em padrão 
subortogonal, ou mais localizadamente, vênulados por plagioclásio. A trama mineral ora 
mostra-se muito pouco orientada, com cristais de anfibólio em hábitos acicular radial, 
sendo a textura nematoblástica localmente observada. Observa-se ainda a textura 
blastoamigdaloidal com diâmetros entre 1,5 e 6,0 mm, preenchida por quartzo, 
plagioclásio, anfibólio, epídoto e apatita. As amígdalas mostram raramente formas 
esféricas, sendo na sua maioria disformes, exibindo por vezes, terminações abruptas. A 
matriz fina a muito fina (< 0,2 mm) apresenta-se recristalizada e formada 
essencialmente por um mosaico granoblástico de hornblenda, plagioclásio e quartzo 
(subordinadamente). Entre os minerais acessórios destacam-se titanita e minerais 
opacos. Como minerais de alteração ocorrem biotita e epídoto. A hornblenda com 
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dimensões de até 3 mm possui concentração que varia entre 30 e 85%. O plagioclásio 
varia entre 10 e 65% e ocorre compondo a matriz em cristais subidioblástico muito 
finos (< 0,1 mm), com forma equidimensional a poligonal e contatos curvos a retos 
entre si, e localmente como fenocristais entre 0,5 e 1,2 mm. Esses grãos aparecem, de 
modo geral, intersticial ao anfibólio e, em geral, não exibem qualquer geminação, 
mostrando ainda saussuritização em grau moderado. O quartzo compõe 
subordinadamente a matriz (<5%) e em maior frequência constitui as amígdalas em 
grãos mais grossos. Raros cristais de clinopiroxênio augita (3%) ocorrem localmente e 
estão preferencialmente associados ao anfibólio. Minerais opacos e titanita 
correspondem aos minerais acessórios mais comuns. Entre os minerais de alteração o 
epidoto é o mais abundante e chega a perfazer 20% do litotipo, enquanto biotita ocorre 
substituindo o anfibólio ou disseminada na matriz. 
Os metandesitos ocorrem no extremo nordeste da SCM, ao longo de um corpo 
com direção NNE-SSW, balizado a leste pela intrusão do Rio Jacaré e a oeste pelas 
formações Santana e Mirante. Constituem rochas mesocráticas, de coloração cinza- 
médio a claro, e granulação afanítica. Apresentam estruturas de segregação mineral, na 
forma de agregados subcirculares a elipsoidais, que conformam micro enclaves básico 
no plano de foliação. Podem exibir aspecto maciço sem qualquer foliação aparente ou, 
mais localmente, mostrar aspecto multi-venulado e amigdaloidal, onde é possível notar 
grãos de hornblenda alojados no interior das amígdalas. A matriz inequigranular fina a 
muito fina (< 0,2 mm) é constituída essencialmente por um mosaico granoblástico de 
plagioclásio, quartzo e finos cristais intersticiais de anfibólio, parcialmente cloritizado. 
As paleoamígdalas se encontram estiradas em formato elipsoidal (1,5 - 6,0 mm) 
portando essencialmente quartzo e feldspato, sendo os cristais maiores no centro com 
cominuição em direção as bordas. O clinopiroxênio chega a compor 15% de algumas 
amostras e os cristais subédricos a euédricos de hornblenda compõem entre 15 e 40%. O 
plagioclásio andesina (An35) varia entre 10 e 50% e o quartzo oscila entre 5 e 20%. O 
tamanho dos grãos não ultrapassam 0,5 mm. Como acessórios ocorrem microclínio, 
biotita, titanita, minerais opacos, apatita e zircão.  Como minerais de alteração ocorrem 




2.2. Aspecto Geoquímico 
Os dados geoquímicos das rochas meta-vulcânicas da SCM aqui apresentados 
correspondem a uma compilação dos dados obtidos por Ribeiro (2012), Marinho (1991) 
e complementado por vinte e dois novos dados obtidos durante o desenvolvimento desta 
tese. Considerando que todas as rochas vulcânicas analisadas são metamórficas, o 
prefixo meta não será mais utilizado no decorrer do texto. 
Os diferentes litotipos apresentam uma direção geral evoluindo entre basaltos, 
basalto-andesítico, andesitos e dacitos revelando moderada concordância entre a 
classificação litoquímica e as características petrográficas. Entre os basaltos e basaltos-
andesitos predominam os de filiação Mg-toleítico subalcalino de baixo potássio e, de 
maneira subordinada, basaltos Fe-toleíticos subalcalino (Fig. 1). Os andesitos e dacitos 
são da série cálcio-alcalina de baixo a médio-K. 
 
Figura 1: Diagramas de classificação para as rochas vulcânicas da SCM. (a) Diagrama TAS 
(Na2O+K2O vs SiO2) para a classificação de basaltos (Le Maitre, 1979B) (b) Diagrama de 
classificação de rochas ígneas utilizando as razões Log (Zr/TiO2) versus Log (Nb/Y) como 
índice de discriminação e indicador de alcalinidade (Winchester e Floyd, 1977). (c) Diagrama 
para a diferenciação das séries toleíticas e cálcio-alcalinas (Jensen, 1976).  
Os teores de MgO e Fe2O3 separam as rochas basálticas (4-7% e 10-13% wt, 
respectivamente) das rochas andesíticas (3- 5% e 5-8% wt, respectivamente). Como 
esperado os basaltos possuem maior teor de TiO2, P2O5 e Ni, além de maior razão Zr/Nb 
do que os andesitos (Fig. 2). Por sua vez os andesitos apresentam acentuada anomalia 
negativa de Eu (EuN/Eu* 0,5-0,7), maior enriquecimento de ETR leves (La/YbN 4 a 7) e 




Figura 2: Diagramas de variação para elementos maiores e traços, usando Mg* (Mg/(Mg+Fe) 
como índice de diferenciação. Símbolos como na Figura 1.  
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O diagrama multielementar normalizado ao manto primitivo para os basaltos e 
andesitos mostra acentuado enriquecimento dos LILE em relação aos HFSE, o que 
associado às fortes anomalias negativas para os elementos Nb-Ta, Sr e Ti, demostrando 
um padrão muito similar àquele apresentado para rochas vulcânicas associadas à 
margem continental ativa do tipo andina (Fig. 3). 
 
 
Figura 3: Diagramas multielementos mostrando enriquecimento dos ETR leve e LILE.  (a) 
Diagrama com os elementos terra raras normalizados aos condritos (Mcdonough e Sun, 1995) 
exibindo preferencial enriquecimento de ETRL em relação a ETRP. (b) Diagrama de multi-
elementos normalizado ao manto primitivo (Mcdonough e Sun, 1995). 
A influência de processos como assimilação crustal e fusão de manto 
enriquecido em elementos incompatíveis é reforçado em diagramas construídos com 
base em razões entre elementos incompatíveis e de baixa mobilidade durante processos 
metamórficos e metassomáticos (Fig. 4). Estes diagramas corroboram os dados 
isotópicos de Nd e caracterizam processo de assimilação crustal durante o processo de 
diferenciação magmática por cristalização fracionada. 
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Figura 4: (a) Diagrama Nb/Yb vs Th/Yb mostrando as duas linhagens de evolução relacionadas 
a arco magmatismo e o magmatismo de fundo oceânico e ilhas oceânicas. Os basaltos e 
andesitos da SCM demostram tendência principal relacionada à magmatismo de arco.  (b) 
Diagrama Zr/Y vs. Nb/Y mostrando a linha ∆Nb que separa as rochas básicas de origem 
relacionadas ou não a ação de pluma do manto (Condie, 2005). Os basaltos e andesitos 
posicionam-se preferencialmente no campo de arco magmático sem influência de plumas, 
enquanto as rochas ultrabásicas e ultramáficas possuem fonte relacionada à pluma e se 
diferenciam entre basaltos de platô oceânico e basaltos de ilha oceânica. Símbolos como na 
figuras 1 e 3. 
Estudo preliminar de modelamento geoquímico sugere a participação 
principalmente de olivina (Ol), clinopiroxênio (Cpx) > ortopiroxênio (Opx) e 
plagioclásio (Pl) como principais fases minerais durante a cristalização fracionada do 
magma basáltico progenitor (Fig. 5).      
As rochas ultramáficas e ultrabásicas estudadas ocorrem principalmente em duas 
localidades. Próximo à borda leste do granito Gameleira aflora uma sequência de xisto 
rico em biotita e clorita, chert, rocha calciossilicática e hornblenda tremolitito contendo 
ou não piroxênio. Os tremolititos apresentam elevado teor de MgO (13-17% wt), Fe2O3 
(14-18% wt), TiO2 (2,5-4% wt) e Nb (30-50 ppm), o que associado ao baixo conteúdo 
de Al2O3 (6-9% wt), Na2O+K2O (0,3-0,9% wt) e Y (26-47 ppm) permitem classificar as 
vulcânicas como basalto picritíco de afinidade alcalina (Fig. 1). O elevado conteúdo de 
La (LaN 70- 280) resulta em elevada razão La/YbN (10-28) e anomalia negativa de Ce 
(CeN/Ce* 0,5-0,9), contrastando com ausente anomalia de Eu (EuN/Eu* ~1, excessão de 
uma amostra, Fig. 2 e 3 ). O baixo conteúdo em TiO2 (0,3-0,6% wt), P2O5 (0,03.0,06% 
wt), Nb (2-4 ppm), Zr (30-40 ppm), La/YbN (3-10) e forte anomalia negativa de Nb e Ta 
contrasta com o outro grupo de vulcânica ultrabásica e se assemelha mais aos basaltos e 




Figura 5: Diagramas de variação entre elementos-traço, com os respectivos vetores de 
cristalização para os minerais essenciais que deram origem as rochas vulcânicas da SCM. (Pl: 
plagioclásio; Ol: Olivina; Opx: ortopiroxênio; Cpx: clinopiroxênio; CF: cristalização 
fracionada). Símbolos igual figura 3. 
3. Parte 2: Hornblenda monzogranitos 
Estudo de reconhecimento foi realizado na faixa de monzogranitos que ocorre 
dominantemente entre os gabros do Rio Jacaré e os granulitos charnoenderbito do bloco 
Jequié, englobando sua caracterização geoquímica e geocronológica, ambos realizados 
no IG – UNICAMP, conforme descrito a seguir:  
3.1. Geocronologia 
Os dados U/Pb obtidos em duas amostras caracteriza as rochas monzograníticas 
como de idade Neoarqueana, cristalizadas em 2,64 e 2,65 Ga (Fig. 6). Desta maneira 
observamos que estas rochas fazem parte do bloco Jequié e não apresenta diferença 
temporal em relação ao granito Pé de Serra (Marinho et al., 2008), podendo toda esta 




Figura 6: Diagramas concordia para as rochas monzograníticas. 
3.2. Geoquímica 
Do ponto de vista geoquímica os granitos Pé de Serra correspondem a quartzo 
monzonito e granito cálcio-alcalino de alto-K (Fig 7). 
 
Figura 7: diagramas de classificação dos granitos Pé de Serra. A) triangulo do feldspato An–
Ab–Or normativo (O'Connor, 1965). B) Diagrama binário Co vs. Th usado na diferenciação da 




De maneira geral os granitos Pé de Serra são metaluminosos a fracamente 
peraluminosos, cálcio-alcalino a alcalino-cálcico e ferrosos (Fig. 8).  
 
Figura 8: diagramas binário seguindo a classificação dos granitos (Frost et al. 2001). 
Os granitos tipo-Pé de Serra apresentam enriquecimento de ETR leve em relação 
aos ETR pesado com anomalia negativa de Eu, Nb-Ta, Sr e Ti, e anomalia positiva de 
Th e U (Fig. 9). 
 
Figura 9: diagramas multielementos normalizado ao condrito e ao manto primitivo 
(McDonough e Sun, 1995). 
O magmatismo granítico do tipo ferroso é comumente associado a ambientes 
extensionais e/ou de natureza intraplaca, o que pode ser confirmado utilizando os 




4. Conclusões preliminares 
O vulcanismo básico e intermediário que delimita a borda leste da SCM é 
Paleoproterozóico e possui assinatura geoquímica e isotópica que caracteriza processos 
de assimilação de crosta continental pré-existente.  
 
 
Figura 10: Diagramas binário de classificação tectônica (Pearce et al., 1984). 
O ambiente tectônico mais favorável é de vulcanismo continental, uma vez que 
não há outros elementos que permita inferir o desenvolvimento de arco magmático 
Paleoproterozóico na região. 
O contato entre a SCM e o bloco Jequié é delimitado pela intrusão gabróica do 
Rio Jacaré, contudo ainda não é claro se os gabros correspondem ao equivalente 
plutônico das rochas vulcânicas Paleoproterozóica, sendo os grãos de zircão analisados 
por Brito (não publicado) herdados dos granitos tipo-Pé de Serra encaixante, ou se 
realmente a soleira do Rio Jacaré é do Neoarqueano. 
Os granitos tipo-Pé de Serra fazem parte do bloco Jequié e possuem idade de 
cristalização em ca. 2.65 Ga, sendo temporalmente correlato aos complexos Caraíba e 
São José do Jacuípe (Oliveira et al. 2010), situados na parte norte do orogeno Itabuna-
Salvador-Curaça. Estes granitos possuem assinatura geoquímica de ambiente tectônico 
intraplaca e fazem parte da série magmática cálcio-alcalina de alto-K, sugerindo 
derivação de rochas crustais pré-existente. 
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Tabela 1: Resultado de geoquímica rocha-total e datação U/Pb. 
Amostra TZ_255A TZ_255B TZ_255C TZ_17F TZ_72B TZ_72E TZ_71 TZ_72A TZ_262A TZ_262B TZ_263B  
Litotipo basalto basalto basalto basalto basalto basalto basalto basalto UM UM UM 
SiO2 51.64 54.07 51.21 54.69 54.42 50.39 51.76 47.73 50.27 50.86 51.53 
TiO2 0.72 0.79 0.80 0.76 1.13 2.79 1.28 1.20 0.29 0.60 0.42 
Al2O3 15.94 15.03 16.36 13.04 8.49 13.71 13.40 15.86 4.32 4.54 14.55 
Fe2O3 10.02 10.85 10.69 10.97 11.99 14.42 13.45 13.06 10.33 12.85 8.34 
MnO 0.13 0.15 0.14 0.20 0.18 0.25 0.20 0.21 0.14 0.21 0.13 
MgO 6.50 5.66 5.80 6.79 10.14 3.46 5.88 5.97 25.46 16.23 10.15 
CaO 11.67 11.08 11.92 7.11 10.17 6.30 8.77 11.18 4.05 11.44 11.64 
Na2O 2.16 1.51 1.84 3.17 1.47 2.81 2.87 2.90 0.09 0.39 1.41 
K2O 0.26 0.23 0.20 1.49 0.76 1.68 1.07 0.64 0.02 0.08 0.12 
P2O5 0.11 0.12 0.13 0.11 0.12 0.65 0.17 0.14 0.06 0.03 0.04 
P.F. 0.61 0.56 0.60 1.38 0.90 2.60 1.00 0.77 5.04 1.58 1.05 
Soma 99.80 100.00 99.70 99.70 99.80 99.10 99.90 99.70 100.10 98.80 99.40 
Mg*  59.4 54.1 55.0 58.3 65.6 35.1 49.7 50.8 84.8 74.0 73.3 
Ba 83 128 64 373.65 242.00 993.00 138.70 208.52 137.97 142.82 152.51 
Be 0.5 0.8   1.2     0.8 0.4 0.3 0.5 0.3 
Bi 0.0 0.0   0.2     0.0 0.1 1.3 0.9 0.4 
Cd 0.1 0.1   0.1     0.1 0.2 0.1 0.1 0.1 
Ce 31.8 37.1 34.0 30.9 49.0 89.0 24.5 18.4 20.9 15.4 9.4 
Co 42.5 39.7   40.8     40.4 49.4 95.5 63.3 39.4 
Cr 207.4 107.5 179.0 309.0 712.0 23.0 92.2 246.0 2179.1 2205.1 771.5 
Cs 0.1 0.1   1.1     0.3 0.2 0.1 0.1 0.1 
Cu 25.5 28.3 4.0 16.5 87.0 34.3 67.5 77.5 66.6 11.0 5.1 
Dy 4.0 4.4   3.6     5.7 4.8 1.6 2.7 1.7 
Er 2.3 2.5   2.2     3.5 3.1 0.8 1.3 1.0 
Eu 1.1 1.2   0.9     1.2 1.1 0.6 0.9 0.4 




Amostra TZ_255A TZ_255B TZ_255C TZ_17F TZ_72B TZ_72E TZ_71 TZ_72A TZ_262A TZ_262B TZ_263B  
Gd 3.8 4.2   3.5     4.9 3.9 1.9 2.8 1.5 
Hf 3.4 3.8   3.4     3.9 3.1 0.9 1.1 1.2 
Ho 0.8 0.9   0.8     1.2 1.0 0.3 0.5 0.3 
La 15.5 16.8 15.0 15.0 18.0 30.0 12.4 9.1 11.8 14.2 3.9 
Li 2.5 8.5   24.0     8.5 11.5 3.1 6.4 20.1 
Lu 0.3 0.3   0.3     0.5 0.5 0.1 0.2 0.1 
Mo 0.7 1.3   0.5     0.3 0.3       
Nb 5.5 6.4 6.3 6.3 10.6 22.1 6.2 4.3 2.0 2.0 3.3 
Nd 16.1 18.0 31.0 14.5 26.0 65.0 16.3 11.8 9.3 12.8 5.0 
Ni 110.3 83.4 101.0 72.0 299.0 30.0 31.5 95.0 770.1 390.3 199.1 
Pb 5.5 6.2 7.8 12.0 14.4 12.1 3.6 4.9 1.2 1.0 3.4 
Pr 3.9 4.3   3.5     3.6 2.6 2.3 3.1 1.2 
Rb 2.0 2.2 2.0 54.9 22.7 63.0 22.9 14.7 <LD 0.7 3.3 
Sb 0.8 0.6         0.2 0.5 0.7 1.3 1.0 
Sc 29.0 28.1 34.0 25.2 26.0 33.0 40.7 38.4 13.4 37.4 22.4 
Sm 3.5 3.8   3.2     4.2 3.0 1.8 2.7 1.3 
Sn 0.7 0.7   1.0     0.8 0.6 0.3 1.2 0.7 
Sr 318.7 308.6 336.0 141.3 145.0 308.0 172.5 167.8 7.7 64.4 139.6 
Ta 0.3 0.3   0.5     0.3 0.2 0.1 0.1 0.2 
Tb 0.6 0.7   0.6     0.8 0.7 0.3 0.4 0.3 
Th 4.0 4.7 5.8 5.4 8.2 8.6 2.7 1.4 1.3 0.5 1.7 
Tm 0.3 0.4   0.3     0.5 0.5 0.1 0.2 0.1 
U 1.0 1.0   1.8     0.6 0.4 0.4 0.2 0.4 
V 177.9 189.9 218.0 160.8 226.0 181.0 264.0 257.0 67.2 151.9 121.3 
W 0.2 0.2   0.5     0.3 0.4 0.1 0.1 1.1 
Y 21.9 22.5 26.9 20.5 33.0 40.0 32.9 28.0 8.7 13.2 9.3 
Yb 2.1 2.2   2.0     3.3 2.8 0.7 1.1 0.9 
Zn 75.8 72.8 77.0 75.7 109.0 156.0 103.8 102.2 76.1 88.9 48.1 




Amostra TZ_80C TZ_252B TZ_256 TZ_29A TZ_29B TZ_80A TZ_80B TZ_80D TZ_96A TZ_17A TZ_17E 
Litotipo UM ultrabasica ultrabasica ultrabasica ultrabasica ultrabasica ultrabasica ultrabasica ultrabasica andesito  andesito 
SiO2 51.93 41.21 42,52  42.71 41.58 45.45 45.96 45.09 50.93 65.29 63.30 
TiO2 0.35 3.86  2,275 3.36 3.33 2.45 2.59 3.25 0.90 0.59 0.73 
Al2O3 4.91 5.81  6,48 5.92 6.50 8.95 8.92 14.23 9.03 13.18 13.50 
Fe2O3 12.12 18.44  17,71 18.04 17.79 16.55 16.84 14.25 8.58 7.09 7.50 
MnO 0.16 0.23  0,195 0.21 0.20 0.27 0.29 0.26 0.13 0.12 0.11 
MgO 23.97 16.57  18,72 16.91 17.46 15.06 14.99 5.60 13.29 3.04 3.34 
CaO 3.59 9.37  7,88 9.32 8.04 8.95 7.55 9.63 12.56 3.16 4.11 
Na2O 0.25 0.52  0,12 0.31 0.28 0.66 0.55 2.64 0.25 3.29 3.22 
K2O 0.04 0.08  0,02 0.06 0.05 0.12 0.29 1.23 1.46 2.69 2.50 
P2O5 0.05 0.43  0,253 0.38 0.39 0.25 0.29 1.32 0.13 0.10 0.13 
P.F. 2.31 2.48  3,7 2.51 3.92 1.05 1.38 2.04 2.33 1.52 1.30 
Soma 99.70 99.00  99,9 99.70 99.50 99.80 99.60 99.50 99.60 100.10 99.70 
Mg*  81.7 67.0   67.9 68.9 67.2 66.8 47.0 77.7 49.2 50.1 
Ba 29.52 19.60 12.12 407.00 1806.16 43.00 600.24 863.12 214.00 749 541.00 
Be 0.2 3.4 1.4   3.6   1.1 1.0   1.9   
Bi 0.7 0.3 0.4   0.3   0.7 0.0   0.1   
Cd 0.2 0.1 0.1   0.1   0.3 0.1   0.5   
Ce 17.5 116.2 79.6 73.0 75.9 43.0 82.5 83.3 69.0 62.4 58.0 
Co 93.6 93.8 103.2   107.3   94.7 37.0   20.8   
Cr 3749.8 911.9 1178.5 873.0 939.7 848.0 854.2 81.9 172.0 602.2 177.0 
Cs 0.1 0.4 0.0   0.2   0.3 0.5   1.1   
Cu 19.0 162.6 213.0 202.0 184.6 55.0 38.9 25.9 4.2 23.5 19.0 
Dy 1.3 9.0 5.1   6.4   6.0 6.7   5.3   
Er 0.8 3.4 2.4   2.7   2.9 3.2   3.2   
Eu 0.3 4.7 2.4   3.7   2.4 4.5   1.0   
Ga 6.5 14.4 12.4 11.4 15.6 12.3 14.2 17.3 16.4 15.4 14.0 




Amostra TZ_80C TZ_252B TZ_256 TZ_29A TZ_29B TZ_80A TZ_80B TZ_80D TZ_96A TZ_17A TZ_17E 
Gd 1.4 14.3 7.4   9.4   7.4 8.9   5.2   
Hf 1.2 8.6 6.2   7.7   8.0 5.2   5.7   
Ho 0.3 1.5 0.9   1.1   1.1 1.2   1.1   
La 10.4 94.2 42.0 60.0 56.7 22.0 36.5 36.3 63.0 31.9 25.0 
Li 11.7 3.5 1.3   5.9   11.2 18.4   30.5   
Lu 0.1 0.3 0.3   0.2   0.3 0.4   0.5   
Mo   0.2 0.3   0.4   3.5 1.2   1.2   
Nb 3.8 51.4 31.4 43.0 55.0 31.0 39.1 29.2 28.9 12.5 10.2 
Nd 7.9 91.0 44.4 67.0 59.5 45.0 39.5 49.0 57.0 25.6 28.0 
Ni 979.4 743.0 1070.5 809.0 705.8 745.0 740.1 46.0 51.0 22.5 28.1 
Pb 2.1 3.0 2.5 3.0 3.0 16.1 11.3 3.4 6.4 37.2 16.4 
Pr 2.1 21.7 10.7   13.9   9.5 10.7   6.8   
Rb 1.4 1.0 <LD 2.6 0.7 2.8 8.4 20.3 69.0 72.1 69.0 
Sb   0.3 0.3   0.4             
Sc 14.8 25.0 24.8 36.0 25.2 38.0 25.9 29.0 11.0 16.1 18.0 
Sm 1.5 15.9 8.2   10.9   7.8 9.4   5.1   
Sn 0.5 2.8 1.5   1.7   2.1 1.0   3.1   
Sr 11.4 319.6 43.5 232.0 224.4 177.0 194.4 454.8 154.0 153.9 179.0 
Ta 0.2 2.7 1.6   2.6   2.1 1.5   1.0   
Tb 0.2 1.8 1.0   1.2   1.1 1.2   0.8   
Th 2.0 6.0 5.1 7.2 5.8 3.5 8.8 2.4 8.6 15.8 10.1 
Tm 0.1 0.4 0.3   0.3   0.4 0.4   0.5   
U 0.6 1.3 1.3   1.4   1.8 0.7   5.5   
V 95.1 297.0 226.9 274.0 254.4 223.0 241.6 236.3 76.0 91.3 127.0 
W 2.0 1.5 0.5   0.7   3.4 0.2   0.6   
Y 6.8 39.1 25.8 32.0 28.2 28.4 28.9 32.0 47.0 29.7 27.6 
Yb 0.7 2.1 1.8   1.7   2.2 2.4   2.9   
Zn 97.9 118.1 113.2 124.0 125.6 120.0 125.7 121.7 82.0 177.1 75.0 




Amostras JK_10 JK_11 TD_136 TZ_137 TZ_178 TZ_249 TZ_265 TZ_63 
Litotipo monzogranito monzogranito monzogranito monzogranito monzogranito monzogranito monzogranito monzogranito 
SiO2 76.23 76.73 72.45 72.45 72.56 68.75 67.78 69.37 
TiO2 0.208 0.21 0.341 0.389 0.374 0.822 0.842 0.713 
Al2O3 11.72 11.6 12.78 12.64 12.54 13.49 13.41 13.22 
Fe2O3 2.24 2.71 3.62 4.02 4.46 5.04 5.22 4.87 
MnO 0.035 0.041 0.06 0.053 0.064 0.043 0.059 0.065 
MgO 0.32 0.22 0.24 0.28 0.19 1.57 1.37 0.63 
CaO 0.4 0.48 1.41 1.52 1.15 1.59 2.46 2.96 
Na2O 2.74 2.77 3.2 3.07 3.65 3.14 3 3.18 
K2O 5.61 5.54 5.38 5.17 5.02 4.08 4.23 3.88 
P2O5 0.025 0.02 0.061 0.071 0.077 0.237 0.239 0.216 
P.F. 0.38 0.24 0.14 0.16 0.31 1.08 1.18 0.02 
Soma 99.9 100.6 99.7 99.8 100.4 99.8 99.8 99.1 
Ba 560 603 917 856 830 852 841 1365 
Be 5.0 4.0 2.9 3.2 5.1 2.5 3.7 2.4 
Bi 0.2 0.1 0.0 0.0 0.9 0.6 0.8 0.0 
Cd 0.2 0.2 0.2 0.2 0.2 0.0 0.1 0.1 
Ce 66.3 33.0 202.5 209.3 206.3 134.2 145.9 160.8 
Co 0.4 0.5 2.4 2.7 1.1 8.7 9.0 5.2 
Cr 18.7 11.7 28.4 23.7 14.7 31.0 29.2 9.4 
Cs 2.5 1.5 0.4 0.4 3.1 2.9 2.5 0.1 
Cu 2.0 3.9 4.9 7.4 3.5 9.4 10.9 6.5 
Dy 9.9 8.2 19.9 22.0 20.6 7.2 8.4 9.4 
Er 6.7 5.8 11.7 13.3 12.6 4.0 4.7 5.2 
Eu 0.9 0.7 2.5 2.4 2.5 1.7 1.9 2.9 
Ga 22.5 22.3 21.1 21.3 22.4 17.1 17.4 16.1 





Amostras JK010 JK011 TDZ14-136 TDZ14-137 TDZ14-178 TDZ14-249 TDZ14-265 TZD13-63 
Hf 12.8 15.1 15.4 15.5 16.7 8.9 8.9 15.6 
Ho 2.2 1.8 4.1 4.6 4.4 1.4 1.7 1.8 
La 50.8 46.5 111.9 110.9 112.3 67.1 82.8 82.0 
Li 11.5 24.0 5.9 5.5 13.3 27.4 22.8 4.2 
Lu 1.0 1.0 1.5 1.7 1.7 0.5 0.6 0.7 
Mo 0.3 1.2 3.8 1.5 3.1 1.9 1.5 2.0 
Nb 38.1 24.3 29.0 30.8 30.3 14.3 14.9 25.8 
Nd 35.8 33.2 87.1 90.9 91.4 58.6 66.6 68.7 
Ni 0.6   1.9 2.2 0.3 7.1 6.7 5.1 
Pb 25.2 23.0 40.5 38.6 39.3 30.7 40.1 18.8 
Pr 10.0 9.6 23.6 24.6 24.7 16.1 18.6 17.9 
Rb 163.4 154.6 154.6 143.9 178.3 124.3 142.3 62.3 
Sb 0.1 0.1     0.4 0.9 1.8   
Sc     3.4 3.8 3.1 10.4 9.8 9.8 
Sm 7.7 6.7 18.4 19.9 19.0 10.5 11.6 11.9 
Sn 7.7 5.9 3.1 3.7 11.8 3.9 8.0 1.3 
Sr 14.1 10.4 57.8 59.0 54.1 183.2 183.9 239.9 
Ta 3.7 0.5 2.1 2.1 2.8 1.4 1.5 1.3 
Tb 1.5 1.2 3.2 3.4 3.2 1.3 1.4 1.5 
Th 18.8 18.3 31.0 42.8 42.0 27.8 29.8 10.0 
Tm 1.1 1.0 1.7 2.0 1.9 0.6 0.7 0.7 
U 4.0 1.9 4.5 4.9 9.5 5.9 6.8 0.6 
V 1.9 1.6 7.9 8.7 0.3 58.2 61.4 25.2 
W 2.9 0.2 0.1 0.1 23.0 2.7 25.5 0.5 
Y 60.8 56.5 102.3 115.7 109.1 36.9 46.5 50.4 
Yb 6.8 6.3 10.5 12.3 11.9 3.7 4.3 4.5 
Zn 41.2 42.2 110.0 97.8 162.0 63.4 67.5 72.8 





Sample Spot f206 U Th Pb 206Pb/204Pb 207Pb/206Pb 2s 207Pb/235U 2s 206Pb/238U 2s  Rho 207Pb/206Pb 2s 206Pb/238U 2s 207Pb/235U 2s conc 
TZ_136 48 0.00 261 125 163 121550000 0.18 1.07 12.29 1.30 0.50 1.6 1.20 2656 10 2611 33 2625 12 98 
TZ_136 52 0.01 378 162 221 171500 0.18 1.06 12.53 1.28 0.51 1.6 1.25 2653 10 2648 34 2641 12 100 
TZ_136 56 0.01 405 184 248 171500 0.18 1.00 12.65 1.03 0.51 1.4 1.36 2654 9.9 2647 30 2652 10 100 
TZ_136 57 0.01 310 142 190 132000 0.18 1.00 12.85 1.09 0.52 1.4 1.25 2650 9.5 2699 30 2667 10 102 
TZ_136 58 0.00 143.9 93 123 62500000 0.18 1.17 12.83 1.17 0.52 1.5 1.27 2656 11 2680 33 2670 11 101 
TZ_136 60 0.00 156 83 111 64550000 0.18 1.11 12.63 1.27 0.51 1.5 1.17 2657 11 2628 32 2650 12 99 
TZ_136 63 0.00 300 180 237 124950000 0.18 1.06 12.96 1.08 0.52 1.3 1.24 2660 11 2698 30 2671 9.9 101 
TZ_136 64 0.00 132.4 71 93 53300000 0.18 1.12 12.91 1.24 0.52 1.5 1.24 2642 11 2684 34 2672 12 102 
TZ_136 69 0.02 238 107 146 89500 0.18 1.23 12.74 1.33 0.52 1.6 1.17 2661 12 2683 34 2657 13 101 
TZ_136 70 0.00 168 101 131 65250000 0.18 1.14 12.67 1.18 0.52 1.5 1.23 2633 11 2677 32 2654 11 102 
TZ_136 71 0.00 188.5 123 169 72650000 0.18 1.07 12.79 1.17 0.52 1.4 1.22 2643 10 2688 31 2665 11 102 
TZ_136 72 0.02 326 222 293 124500 0.18 1.07 12.37 1.13 0.50 1.4 1.25 2644 11 2608 30 2628 11 99 
TZ_136 73 0.00 253 123 161 96800000 0.18 1.06 12.88 1.16 0.52 1.4 1.24 2650 11 2700 31 2668 11 102 
TZ_136 74 0.00 153.6 77 93 57700000 0.18 1.19 12.55 1.27 0.50 1.5 1.19 2639 12 2622 33 2647 12 99 
TZ_136 80 0.00 220 110 144 81900000 0.18 1.07 12.71 1.26 0.52 1.5 1.23 2631 10 2676 34 2655 11 102 
TZ_200 34 0.00 311 231 258 119300000 0.18 0.90 12.57 0.95 0.51 1.1 1.13 2630 8.7 2656 23 2648 8.7 101 
TZ_200 35 0.01 495 351 383 181000 0.17 0.98 11.87 1.10 0.49 1.1 1.02 2592 10 2578 24 2593 11 99 
TZ_200 36 0.00 420 292 322 160350000 0.18 0.91 12.30 0.89 0.50 1.1 1.20 2628 8.7 2629 23 2627 8.4 100 
TZ_200 39 0.02 318 249 274 119500 0.18 0.95 12.32 0.97 0.50 1.0 1.03 2632 9.3 2602 21 2627 9.1 99 
TZ_200 41 0.47 586 405 455 3954 0.17 0.98 11.55 1.21 0.48 1.3 1.08 2589 9.3 2509 27 2566 12 97 
TZ_200 43 0.00 273.2 177 193 98750000 0.18 0.97 12.13 1.07 0.49 1.1 1.04 2622 10 2579 24 2615 9.8 98 
TZ_200 44 0.00 259.9 197 211 94950000 0.18 0.91 12.54 0.96 0.51 1.1 1.13 2636 9.2 2643 23 2645 9.3 100 
TZ_200 45 0.00 255.9 142 150 93450000 0.18 0.91 12.28 0.90 0.50 1.0 1.09 2612 9.1 2629 21 2625 8 101 
TZ_200 48 1.63 293 167 210 1147 0.18 2.34 11.91 2.85 0.48 1.6 0.57 2616 29 2506 34 2577 23 96 
TZ_200 50 0.00 397 231 239 139550000 0.18 0.84 12.56 0.88 0.51 1.0 1.11 2638 8.5 2639 21 2647 8.3 100 
TZ_200 54 0.33 946 562 605 5682 0.18 1.17 12.18 1.48 0.49 1.5 1.03 2641 12 2592 33 2616 14 98 
TZ_200 55 0.00 141.6 87 96 50200000 0.18 1.01 12.46 1.04 0.51 1.1 1.06 2655 10 2637 24 2638 10 99 
TZ_200 57 0.01 907 513 589 296000 0.18 1.25 12.51 1.44 0.51 1.8 1.22 2615 13 2667 38 2640 14 102 
TZ_200 62 0.00 346 200 229 118200000 0.17 0.98 12.51 1.04 0.52 1.0 0.97 2584 9.7 2676 22 2639 9.8 104 
TZ_200 65 0.00 239 135 146 78300000 0.17 0.92 11.71 1.02 0.48 1.1 1.10 2611 8.7 2520 23 2579 9.9 97 
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Institute of Geosciences, University of Campinas – UNICAMP, SP, Brazil. 
The Archean and Paleoproterozoic terrane of the northeastern part of the São Francisco 
Craton shows evidence of a prolonged accretion history. A major boundary within this portion 
of the craton is the Contendas-Jacobina lineament, a 600 km-long north-trending sinestral 
strike-slip zone that separates two major Archean blocks amalgamated during a 
Paleoproterozoic orogeny. Different supracrustal sequences occur along this lineament, but 
the tectonic imbrication erased the original stratigraphy, precluding the reconstructing of the 
sedimentary and tectonic evolution of the different groups. We investigate the sediment 
provenance and tectonic setting of the Saúde Complex, located at the northern part of the 
Contendas-Jacobina lineament and previously taken as part of the Bahia Gold Belt. We found 
that the Saúde Complex is part of a Paleoproterozoic foreland basin correlate to the southern 
Contendas-Mirante Basin, and the correlation with western Au-bearing Jacobina Basin as a 
single Paleoproterozoic basin is not favorable. The Saúde Complex present abundant 2.07-
2.20 Ga and 2.50-2.68 Ga detrital zircon mainly derived from the eastern Itabuna-Salvador-
Curaça Orogen and the reworked Archean rocks within the orogen, mainly the São José do 
Jacuípe and Caraíba complexes.  
Key-Words: Detrital zircon; Saúde Complex; Paleoproterozoic Foreland Basin; São Francisco 
craton; Brazil 
1. Introduction 
Sedimentary rocks record information on diverse topics such as environmental conditions, the 
average composition of the continents, and the redox state of the oceans and atmosphere. 
When the eroded material is deposited in cratonic platforms they can be preserved from 
erosion cycles and high-grade metamorphism for billions of years. Otherwise, the original 
stratigraphy is in most cases erased by later deformation, metamorphism, and tectonic 
imbrication. The study of U-Pb detrital zircon establishes the maximum age of basin 
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formation, and helps determine the main source areas and provenance of sediments (Fedo et 
al., 2003; Gehrels, 2011). Determining the provenance of metasedimentary rocks supports 
studies about the reconstruction of the original stratigraphy of Precambrian basins and 
constrains their sedimentary and tectonic evolution (e.g. Wilde et al., 2001; Martin et al., 
2008; Cawood et al., 2012; Ancelmi et al. 2015; Spaggiari et al., 2015). 
The São Francisco Craton (SFC) represents a continental fragment stabilized at the end of the 
Paleoproterozoic (Teixeira et al., 1996; Silva et al., 2002; Barbosa and Sabaté, 2004). 
Recently, the evolution and tectonic significance of its sedimentary sequences has been 
disclosed, indicating a dominant Paleoproterozoic time of basin formation (Nutman et al., 
1994; Grisolia and Oliveira, 2012; Ávila et al., 2014; Paquette et al., 2015; Teixeira et al., 
2015; Zincone and Oliveira, 2016). In the northern part of the SFC, the ca.2.7-2.6 Ga Caraíba 
complex (Oliveira et al., 2004; 2010) separate the eastern 3.1-3.0 Ga grey gneisses belts of the 
Serrinha block (Oliveira et al., 2010) from the western 3.4-3-0 Ga Gavião Block (Nutman and 
Cordani, 1993; Mougeot, 1996; Martin et al., 1997; Santos-Pinto et al., 2012). The final 
accretion between those Archean complexes occurs during the Paleoproterozoic and is 
represented by the Itabuna-Salvador-Curaçá Orogen (Barbosa and Sabaté, 2004; Oliveira et 
al., 2004). Geochronological constraints indicate that regional metamorphism resulting from 
crustal thickening during collision of those blocks took place around 2.08-2.04 Ga (Barbosa 
and Sabaté, 2004; Oliveira et al., 2004a, b, 2010a; Leite et al., 2009). In addition to high-
grade gneisses, two of the above blocks also contain low-grade supracrustal sequences, such 
as the southern Paleoproterozoic Contendas-Mirante foreland basin (Zincone and Oliveira, 
submitted; Nutman et al., 1994) in the Gavião Block, and the Paleoproterozoic arc basin 
Monteiro Sequence (Grisolia and Oliveira, 2012), part of the Rio Itapicuru greenstone belt in 
the Serrinha block. Another low to medium metamorphic grade supracrustal sequence occurs 
between the Gavião block and the Itabuna-Salvador-Curaçá Orogen (ISCO), known as the 
Saúde Complex, but its age and stratigraphy are subjects of contention.  
Uncertainty remains as to whether the Saúde Complex was part of an Archean or Proterozoic 
basin, and the correlation with other supracrustal sequence along the Contendas-Jacobina 
lineament, mainly the west Jacobina Basin and the southern Contendas-Mirante Basin. 
Figueiredo (1981) advents the possibility of the Saúde Complex corresponds to the upper unit 
of the Jacobina Basin, while Ledru et al. (1997) interpreted the Saúde Complex as a pre-
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Jacobina unit. Leite et al. (2007) envisaged that the Saúde Complex is an allochthonous unit 
related to the ISCO. In order to establish precise and accurate time constraints on the 
evolution of the Saúde Complex, we report detrital zircon U-Pb ages from eight samples 
collected along the 200 km long, N-S complex. We demonstrate that the Paleoproterozoic 
Saúde Complex is correlated with the southern Paleoproterozoic Contendas-Mirante foreland 
basin, and is distinct of the west Jacobina Basin. We also discuss the possible sources of 
sediments and argue about correlations with other Paleoproterozoic sedimentary sequences. 
2. Geological Setting 
The north portion of São Francisco Craton (Fig. 1) comprises Archean and Paleoproterozoic 
low-grade supracrustal belts, high-grade gneisses-migmatite, including sapphirine-bearing 
granulites, and granite-greenstone terranes (Ackermand et al., 1987; Peucat et al., 2002; Leite 
et al., 2009; Oliveira et al., 2010; Grisolia and Oliveira, 2012). Barbosa and Sabaté (2004) 
have interpreted the evolution of the northern portion of São Francisco Craton in terms of 
convergence and collision of four Archean crustal segments, i.e. Gavião Block, Jequié Block, 
Serrinha Block, and ISCO during the Paleoproterozoic orogeny at ca. 2.20 - 2.08 Ga (see 




Figure 1: Simplified geological map of the São Francisco Craton (modified after Alkimim et 
al. 1993). Archaean blocks: 1- Gavião; 2- Serrinha; 3- Gneiss-Migmatic complexes of 
Southern São Francisco craton. Supracrustal sequences: a- Contendas-Mirante Basin; b- 
Jacobina Basin, Mundo Novo supracrustal belt and Saúde Complex undivided; c- Riacho de 
Santana; d- Urandi; e- Licínio de Almeida; f- Ibitira-Ubiraçaba; g- Guajeru; h- Brumado; i- 
Rio Itapicuru greenstone belt including the Monteiro Sequence; j- Rio das Velhas supergroup. 
Red arrow indicates map of the different supracrustal sequence that occurs at the northern 
zone of the Contendas-Jacobina lineament shown in Fig. 2. 
The eastern border of the 3.45 to 3.30 Ga Gavião Block (Nutman and Cordani, 1993; 
Mougeot, 1996; Martin et al., 1997; Santos-Pinto et al., 2012) is delimited by a north-south 
linear tectonic structure 600 km in length, the Contendas-Jacobina lineament (Fig. 2 A; Sabaté 
et al., 1990). This lineament represents a Paleoproterozoic accretionary zone, and is 
dominated by major continental strike-slip faults developed during the amalgamation of the 
São Francisco-Congo craton. Peraluminous granitic intrusions occur along the lineament and 
are related to Himalayan-type continent-continent collision (Sabaté et al., 1990; Cuney et al., 
1990). The northern portion of that lineament delimits the contact between the ISCO to the 
east, with the Gavião Block to the west (Fig. 2 B). The Gavião block holds the oldest rocks of 
South America platform, including the 3.45-3.00 Ga Mairi, Gavião and Remanso-Sobradinho 
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complexes (Nutman and Cordani, 1993; Mougeot, 1996; Martin et al., 1997; Dantas et al., 
2010; Santos-Pinto et al., 2012). The Mairi Complex has been interpreted as basement of the 
Saúde Complex (Loureiro et al. 1991; Mascarenhas and Silva, 1994), and is composed of grey 
gneisses-migmatite of TTG affinity with Pb/Pb zircon evaporation age of 3025-3040 Ma 
(Peucat et al., 2002). Numerous gabbro-diorite dykes and enclaves are associated with the 
grey gneisses, and characterize the main structural pattern of the Mairi Complex.  
The ISCO is an 800 km continuous belt of high-grade metamorphic rocks that split into two 
arms at the latitude of Salvador city (Ledru et al., 1994; Silva et al., 2002; Oliveira et al., 
2002, 2004a, b). The northern segment trends inland between the Gavião and Serrinha blocks 
and is made up of granulite facies igneous and sedimentary rocks of the Ipirá-Tanque Novo 
groups and the 2.69-2.57 Ga orthogneisses of the São José de Jacuípe and Caraíba complexes 
(Fig. 2B; Oliveira et al., 2010). The Paleoproterozoic evolution of the ISCO is considered in 
two main stages: the onset of subduction and the later collision. The onset of subduction is 
given by the oldest arc plutonic rock dated at 2191±10 Ma (Peucat et al., 2011), while the 
collision and extrusion tectonics is equated from the 2084 Ma Itiúba elongate syenite 
(Oliveira et al., 2004a, b). Although the terminations of subduction and collision are more 
difficult to estimate, the 2096-2060 Ma Bravo-Tanquinho granite (Barbosa et al., 2008) is the 
oldest representative post-tectonic pluton, which gives a maximum age for the end of 
collision. 
At the northern portion of the Contendas-Jacobina lineament, four supracrustal sequences 
occur between, or associated with, the Gavião Block and the ISCO (Fig. 2 A-B): namely 
Jacobina Basin, Mundo Novo greenstone belt, Saúde Complex and Ipirá-Tanque Novo 
complexes. The Saúde Complex (Couto et al., 1978) corresponds to N-S metagreywacke 
succession that extends east of Pindobaçu fault and west of the Filadelfia thrust zone. At the 
north sector the contact with the ISCO is covered by Quaternary sediments, while in the 
central-south the complex is interleaved with gneisses of the Mairi complex (Loureiro et al., 
1991). The northern Saúde Complex is described as two main units of increasing 
metamorphic grade. The biotite and muscovite-bearing metagreywacke unit has preserved 
primary structure, including cross-stratification and ripple marks (Fig. 3 a e b). The higher 
metamorphic grade unit is defined by staurolite, cordierite, and kyanite-in, locally associated 
with centimeter-size quartz + sillimanite + muscovite nodules, namely kieselgallen texture 
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(Fig.3 c e d). The nodules were formed from the circulation of reducing fluids that lixiviated 
mainly base-cations of the preexisting silicates and characterize a metasomatic event occurred 
late to post-orogenic decompression (Leite et al., 2007). The intrusive leucogranite acts as 
thermodynamic trigger in the mobilization of crustal fluids that generated this texture (Leite et 
al., 2007). The garnet-bearing migmatite-gneiss and quartzitic gneiss unit occurs at the 
southern Saúde Complex, and the compositional banding commonly are verticalized. 
Calculated P-T conditions indicate peak metamorphism at 700 - 750°C and 3.5 - 4.5 kbar 
(Leite et al., 2007). Mougeot (1996) has performed a study of sediment provenance using ID-
TIMs on detrital zircon grains from metaconglomerates interleaved with biotite gneiss. The 
youngest detrital zircon gave maximum age of sedimentation of 2086±43 Ma. Electron 
microprobe dating of monazite of paragneisses gave an age of ca. 2.08-2.05 Ga to the main 




Figure 2: Simplified geological map of the northern zone of the Contendas-Jacobina lineament 




The Jacobina Basin is a thin, 180 km north-south trending, quartzite sequence with 
intercalated Au-U-pyrite-bearing metaconglomerate deposits and detrital pyrite and urarinite, 
similar to the Witwatersrand basin in South Africa (see Pearson et al., 2005; Teles et al., 2015 
for a review). We summarize the stratigraphy of the Jacobina Basin as follow. The basal 
upward fining fluvial cycles started with large pebble to cobble conglomerates and coarse 
grained quartzites deposited in a proximal to medial braided stream system in a rapidly 
aggrading wet alluvial fan environment (Hendrickson, 1984). The sequence transgression 
toward into well-bedded quartzite with locally prominent ripple marks, herring bone and cross 
bedding stratification that may represent a shallow marine transgression of tide dominates 
deltas and littoral sands (Leo et al., 1964; Minter, 1975; Mascarenhas and Silva, 1994; 
Mascarenhas et al., 1998; Pearson et al., 2005). This sequence is preserved as a 
metasedimentary wedge between grey gneisses of the Gavião block in the west and the 
Paleoarchean Mundo Novo greenstone belt in the east (Mascarenhas and Silva, 1994; 
Mascarenhas et al., 1998; Peucat et al., 2002). Minter (1975) and Oram (1975) proposed that 
the Jacobina Basin was deposited unconformably on the Gavião block, although local 
shearing had taken place along the basement contact. Muscovites from the basal wrench–




Ar; Ledru et al., 
1997). Mascarenhas et al. (1998) describe the Jacobina Basin as part of an intracontinental rift 
basin developed on the stable platform represented by gray gneiss of the Gavião Block, 
whereas Ledru et al. (1997) suggest deposition in foreland basin. Milesi et al. (2002) invoked 
a “hydrothermal shear-reservoir” model to explain the gold mineralization in respect to the 
preponderance of sulphide-dominant mineralization at the Jacobina Basin. The quartzites and 
conglomerates of the Jacobina Basin contain only 3350 to 3260 Ma zircon grains (Teles et al., 
2015). It is not yet clear whether the quartzites are Archean sediments deposited during an 
intracontinental rift (Mascarenha and Silva, 1994; Mascarenha et al., 1998) or they are 
Paleoproterozoic sediments of a foreland basin (Ledru et al., 1997) that contain only 
Paleoarchean zircon grains.  
The Tanque Novo-Ipirá complexes are in tectonic contact or intruded by tonalites and 
granodiorites gneisses of Andean-type Caraíba and São José do Jacuípe complexes (Kosin et 
al., 2003; Oliveira et al., 2004a, 2010b). The metasedimentary rocks are representes by 
aluminous gneisses, graphite-bearing gneisses, banded iron formations, marbles, calc-silicate 
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rocks, amphibolites, and silica undersaturated sapphirine-bearing granulite (Ackermand et al., 






Figure 3: Field aspects of the metasediments of the Saúde Complex. A) Metagreywacke 
biotite-bearing (sample DB-10) near Pindobaçu village. B) Metagreywacke muscovite-
bearing (sample DB-92) near Saúde village. C) Sillimanite paragneiss (sample ETM-29). D) 
Previous photo detail showing the kieselgallen texture, which represents nodules of 
quartz+sillimanite+muscovite. E) Enclave of quartzite (sample DB-24E) into an equigranular 
pink granite associate with grey gneiss of Mairi Complex. F) Biotite schist (sample DB-23). G 
and F) biotite gneiss intensely folded with primary compositional banding well preserved.Due 
to the fault contact between the complexes the different lithodemic units the true 
chronostratigraphy is controversial. Figueiredo (1981) suggests the possibility of the Saúde 
Complex to correspond to the upper unit of the Jacobina Basin, while Leite et al. (2007) 
envisaged that the Saúde Complex is an allochthonous unit related to the ISCO, and not part 
of the Jacobina Basin. On the other hand, Ledru et al. (1997) suggest that the Jacobina Basin, 
coupled with the Saúde Complex to the east, is a single Paleoproterozoic foreland basin with 
inverted stratigraphy in which the deep-seated units are the paragneisses (Saúde Complex) 
exposed in the east, and shallower and younger rocks are the quartzite and conglomerates 
(Jacobina Basin) to the west. The correlation of the Saúde Complex with the eastern Tanque 
Novo-Ipirá complexes stills an open question, and the enclaves of silica undersaturated 
sapphirine-bearing granulite has been describe both as part of Tanque Novo-Ipirá complexes 
(Ackermand et al., 1987) or of the Saúde Complex (Leite et al., 2009). 
3. Sampling and analytical procedures  
3.1. Sampling 
We present data for 8 samples collected along N-S-trending, 200 km-long discontinuous 
exposures of the Saúde Complex. Table 1 summarizes the list of analyzed samples with 
geographic coordinates and petrological description. 
3.2. Sample preparation 
Collected samples were reduced by using a jaw crusher and disk mill at the University of 
Campinas. Heavy minerals were concentrated by panning in water and density separation in 
methylene iodide.  The diamagnetic zircon grains were separated using a Frantz magnetic 
separator. More than 120 zircon grains per sample were handpicked under a binocular 
microscope; all types of grain shape and color were included. When only a few dozen zircons 
were separated from a sample, all were picked for further study. The grains were mounted in 
epoxy resin and polished to half height to expose any growth zoning. The internal structures 
were revealed by cathodoluminescence (CL) imaging using a LEO 430i (Zeiss Company) 
SEM equipped with an Oxford energy dispersive spectroscopy system and a Gatan Chroma 




Figure 4: Cathode-luminescence images of a representative selection of detrital zircon grains 
labeled with sample and grain number (supplementary data). White bar measures 50 µm. 
 
3.3. Analytical technique 
U–Pb ages were obtained by laser ablation mass spectrometry at the University of Brasilia, 
using a Thermo Finningan Neptune multicollector mass spectrometer attached to a New Wave 
UP213 Nd-YAG laser (λ = 213 nm), and at the Geoscience Institute of the University of 
Campinas, using a Thermo Fisher  Element  XR  sector  field  ICP-MS  and  a  Photon 
Machines  Excite 193nm ultra-short  pulse  excimer  laser  ablation  system  (Analyte Excite 
WH) with a HelEx 2 volume cel. At the Brasilia University the laser was regulated with a spot 
size of 25 μm, a frequency of 11 Hz, and an fluence of approximately 0.8 J/cm2. Argon 
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(approx. 0.90 L/min) and helium (approx. 0.40 L/min) were used to carry the ablated material. 
The international zircon GJ-1 (614 Ma; Jackson et al., 2004) was used in a standard-sample 
bracketing method, accounting for mass bias and drift correction, and the standard 91500 
(1068  Ma; Wiedenbeck et al. 1995) as the secondary standard to check the correction. Ratios 
were calculated using according to the method described by Bühn et al. (2009). The resulting 
correction factor for each sample analysis considers the relative position of each analysis 
following the sequence of 1 blank, 2 GJ-1 standard, 1 91500 standard, 8 zircon grains from 






Pb were measured with ion counters, while 
238
U 
was analyzed on a faraday cup. The signal of 
202
Hg was monitored on an ion counter for the 




Pb. Common Pb correction was 




Pb lower than 3000, assuming a typical terrestrial common Pb 





than 1000 were rejected. At the Campinas University the laser was regulated with a spot size 
of 40μm, a frequency of 10 Hz, and an laser fluence of approximately 7.4 J/cm2. The 
acquisition protocol adopted was: 30 s of gas blank acquisition followed by the ablation of the 
sample for 45 s in ultrapure He. The international zircon 91500 (Wiedenbeck et al., 1995) was 
used in a standard-sample bracketing method, accounting for mass bias and drift correction, 
and the Peixe standard to check the correction. The measured isotopic ratios were monitored 
using the international standard 91500 following the sequence of 3 91500 standard, 10 zircon 




Pb age of 1108 ± 27 Ma for 91500 
provides confidence on the data. No common Pb correction was undertaken. Only ages from a 
single growth zone and avoiding irregular features such as cracks and inclusions were used; 








U ages. The detrital age distribution is plot using the kernel density estimator plot 
(Vermeesch, 2012). Throughout the text, the ages are presented following this rule. A total of 
451 detrital zircon grains were analyzed for provenance, but a subset of 213 grains were 
within 10% of concordance. The complete data set of the U-Pb analyses is in the data 





Relative probability curves and age histograms (Fig. 5) for the eight samples yielded the 
following results: 
 
Figure 5: U-Pb LA-ICP-MS results for detrital zircon grains of Saúde Complex. The left 
column represent concordia diagram and the right column present the Kernel density 
estimation plot. Distribution frequency is for less than 10% discordant grains. 
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Sample DB-10 is a biotite metagreywacke (Fig. 3a) and DB-92 a muscovite metagreywacke 
(Fig. 3b), 15 km far from each other. Both samples show primary sedimentary structures as 
cross stratification and trough cross bedding. Paleocurrent measurements indicated sediment 
transport from north to south. 45 and 46 zircon grains were analyzed from sample DB-10 and 
DB-92, respectively, from which 39 and 36 are concordant within 10% of concordance. Both 
samples present main age cluster ranging from 2040 to 2213 Ma (42% of total). Ten younger 




Pb mean age at 2075±12 Ma, which provides the maximum age of 
deposition for the protoliths. The interval between 2482 and 2810 is common to both sample 
and represent the second main age cluster (30.5% of total). Zircon grains from 2945 to 3302 
Ma represent 14.5% of total analyzed grains.  
Sample DB-112 is a chlorite-biotite schist magnetite-bearing. 79 zircon grains were analyzed, 
from which 32 are concordant within 10% of concordance. The single age cluster spreads 




Pb mean age of 2093±14 Ma establishing the maximum depositional age of the 
sediment protolith. 
Sample ETM-29 is a fine granulated aluminous paragneiss with kieselgallen texture 
characterize by aligned sillimanite nodules (Fig. 3 c and d). 59 zircon grains were analyzed, 
from which 20 are concordant within 10% of concordance. The youngest age cluster spreads 




Pb mean age of 2146 ± 20 Ma establishing the maximum depositional age of the 








Sample DB-24E is a light green quartzite collected as xenolith in equigranular pink granite 
(Fig. 3 e). The granite is intrusive into TTG grey gneiss of the Mairi Complex. 45 zircon 
grains were analyzed, from which 39 are concordant within 10% of concordance. The single 





Pb mean age at 2095±10 Ma establishing the maximum depositional age 
of the sediment protolith. 
Sample DB-23 is fine-grain biotite schist locally containing garnet (Fig. 3 f). 34 zircon grains 
were analyzed, from which 10 are concordant within 12% of concordance. Four zircon grains 
indicate maximum depositional age similar to the other samples, which is around 2.0-2.1 Ga. 
The main age cluster is from 2.5 to 2.7 Ga and is similar to the other samples. 
Sample DB-71 is quartzitic gneiss. This sample yielded 42 zircon grains, of which 32 grains 
are concordant within 10%. Two zircon grains indicate maximum depositional age of 2400 
Ma, while the unique age cluster ranges continuously from 2505 to 2680 Ma.  
Sample DB-87 belongs to a fine-grain biotite gneiss intensely folded, but preserving primary 
compositional banding (Fig.3 g and h). 26 zircon grains were analyzed, from which 11 are 
concordant within 10% of concordance. Considering all grains Pb loss is clearly observed. A 





Pb age of 3035 Ma. If we consider samples DB-87 and DB-71 together the 
maximum depositional age of both protolith can be estimate at ca. 2.50 Ga. 
5. Discussion 
5.1. Maximum depositional age and potential source areas 
Detrital zircon U-Pb study of the Saúde Complex shows that the original sediments were 
deposited in the Paleoproterozoic. The youngest detrital zircon cluster (10 zircon grains) 
provides average age of 2069 ± 12 Ma, establishing the maximum depositional age of the 
sediment protolith. The two main peak ages between 2070 and 2200 Ma (49% of total) and 
between 2495 and 2810 Ma (33% of total), correspond to 82% of all analyzed zircon grains 
that are less than 10% discordant (Fig. 6). These data strongly suggest that the main sediment 
sources of the Saúde Complex were most likely in the ISCO, which contains both Archean 
and Proterozoic rocks. The Archean is mainly represented by the Neoarchean (2690-2550 Ma) 
Andean-type Caraíba and São José do Jacuípe complexes (Oliveira et al., 2004a, 2010b), and 
the Proterozoic by granite and syenite intrusions (e.g. Barbosa, 2008; Oliveira et al., 2010). 
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Zircon grains older than 3.0 Ga accounts for only 6% of total grains, and were probably 
derived from the western Gavião Block and the associate Mairi Complex (Peucat et al., 2002) 
or from the eastern Serrinha Block (Oliveira et al., 2010) . In general, the main sediment 
source can be found at nearby terranes that make up the northern São Francisco Craton. So 
far, the exception is the 2.43-2.20 Ga age interval, which corresponds to 12% of all analyzed 
zircon grains. The roughly contemporary 2.38-2.12 Ga Mineiro Belt, southern São Francisco 
Craton (Teixeira et al. 2000; Teixeira et al., 2015), can be invoked as source area for detrital 
zircon of that age interval as discussed by Zincone and Oliveira (submitted).  
 
Figure 6: U-Pb LA-ICP-MS age distribution frequency of less than 10% discordant detrital 
zircon grains from ten metasedimentary rocks of the Saúde Complex. Kernel density 
estimation plot is showing age distribution frequency for less than 10% discordant grains. 
Also shown are age intervals for the orogenic events recorded at São Francisco craton, which 
most represent reliable candidate for sediment provenance. 
 
A relevant discussion must be raised about the quartzitic gneiss (samples DB-71) and the 
biotite gneiss (sample DB-87). These samples are more deformed than the other analyzed 
samples, and yielded single age cluster of 2480 - 2680 Ma (except two grains of 2.4 Ga), and 
maximum depositional age of ca. 2.50 Ga for their protoliths. These data strongly support the 
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hypothesis that the Paleoproterozoic magmatism related to the ISCO was not occurring, or at 
least exposed to erosion, during sediment deposition of those protoliths. The implication that 
follows this observation suggests the presence of an older unit, probably related to the 
continental margin of the Neoarchean São José do Jacuípe/Caraíba arc-system before its 
Paleoproterozoic accretion with the Gavião or Serrinha blocks. A further detrital zircon study 
on the Ipirá/Tanque Novo supracrustal sequences associated with the ISCO and the São José 
do Jacuípe/Caraíba complexes most be performed to test this hypotheses. 
5.2. Stratigraphy correlations and geotectonic implications  
The Saúde Complex presents the same detrital zircon pattern and similar low-grade 
metamorphism as the Contendas-Mirante foreland basin (Zincone and Oliveira, submitted) far 
to the south (Fig. 2 A). Geologic correlation along the 600 km-long, N-S-trending Contendas-
Jacobina lineament (Sabaté et al., 1990) indicate a large Paleoproterozoic basin developed at 
the margin of the Gavião Block or, at least, different depocenters evolved along the same 
tectonic system. We interpret this lineament as a Paleoproterozoic amalgamation zone 
represented by major continental strike-slip faults. In its northern sector, we propose that the 
Filadelfia sinistral strikeslip/overthrusting shear zone separates the Gavião Block at west- 
including the Jacobina Basin, the Mundo Novo Greenstone Belt and the Mairi complex - from 
the 2.5-2.6 Ga São José do Jacuípe-Caraíba complexes to the east; and may represent a 
tentative boundary of the Paleoproterozoic accretionary amalgamation system. The southern 
sector of the lineament, basement domes are tectonic imbricated within the Contendas-
Mirante Basin and are separated by shear zones from the eastern 2.6-2.7 Ga Jequié Block. 
Similar accretionary system has been suggested in the roughly contemporary Paleoproterozoic 
Mineiro belt, southern São Francisco craton (Teixeira et al. 2000), especially due to the Bom 
Sucesso-Ibituruna-Jeceaba lineament. This lineament separates the ca. 2.7-2.8 Ga Bonfim, 
Passa Tempo, and Campo Belo complexes (Romano et al., 2013; Lana et al., 2013; Farina et 
al., 2015), from the 2.36-2.04 Ga Mineiro Belt, a long-lived arc-back arc system (Teixeira et 
al. 2000; Ávila et al., 2010; Teixeira et al., 2015). The Paleoproterozoic foreland basins 
related to that lineament is represented by the Sabará, Itacolomi, and Estação Tiradentes 
groups (Machado et al., 1996; Ávila et al., 2014). Moreover, similar tectonic features are 
portrayed in the contiguous Congo-Gabon craton, African counterpart, especially in the 
Franceville basin, a large foreland basin that rests unconformably over Archean basement 
rocks (Gauthier-Lafaye and Weber, 2003). Taken together, the formation of those foreland 
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basins establishes a well-defined time period related to plate convergence during the assembly 
of the São Francisco-Congo craton at ca. 2.07 Ga. 
Otherwise, the stratigraphy stacking between the Saúde Complex and Jacobina Basin has been 
a questionable issue and different proposes had been invoked (Figueiredo, 1981; Ledru et al., 
1997). The Saúde Complex contrasts markedly with the west Jacobina Basin. The quartzites 
and conglomerates of Jacobina Basin present typical stratigraphic column related to 
intracontinental rift characterize by upward fluvial cycles and shallow marine transgression of 
tide dominates deltas and littoral sands (see Mascarenhas et al., 1998; Pearson et al., 2005 for 
review), detrital zircon of the different formations holds exclusively Paleoarchean zircon 
grains (Teles et al., 2015), the Au-U mineralization is related to multiphase 
hydrothermal/metamorphic fluid flow (Milesi et al., 2002), mafic to ultramafic dykes and sills 
crosscut the group (Cox, 1967; Pearson et al., 2005) and the presence of detrital pyrite and 
urarinite indicate an anoxic condition at the atmosphere-hydrosphere during sediment 
transport and deposition (Teles et al., 2015). None of those factors are observed in the Saúde 
Complex, indicating that the Jacobina Basin is an older basin, and is not related to the Saúde 
Complex. Moreover, the mafic dykes that crosscut the Jacobina Basin present zircon 
xenocrysts of ca. 3.3-3.5 Ga (Santos, 2011), suggesting there is no younger basement beneath 
the Jacobina Basin.  
6. Conclusions 
The Saúde Complex is part of a Paleoproterozoic foreland basin developed during the 
amalgamation of São Francisco-Congo craton. The correlation with western Jacobina Basin as 
a single Paleoproterozoic basin is not favorable, suggesting that they are two different 
supracrustal sequences. The Jacobina Basin presents typical intracontinental rift stratigraphic 
column (Mascarenhas et al., 1998; Pearson et al., 2005), Paleoarchean detrital zircon grains 
and detrital pyrite and urarinite (Teles et al., 2015), gold mineralization related to fluid flow 
(Milesi et al., 2002). Otherwise, the Saúde Complex present abundant 2.07-2.20 Ga and 2.50-
2.68 Ga detrital zircon mainly derived from the Itabuna-Salvador-Curaça Orogen and 
reworked Archean rocks within the orogen, mainly the São José do Jacuípe and Caraíba 
complexes. The biotite gneiss and quartzite gneiss units of the Saúde Complex present young 
zircon population of 2.50 Ga, suggesting that deposition of sediment protolith of those 
samples start before the Paleoproterozoic magmatism related to the ISCO.  
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The Saúde Complex correlate to the southern Contendas-Mirante foreland basin along the 
Contendas-Jacobina lineament, which indicate a large (ca. 600 Km long) N-S 
Paleoproterozoic basin developed at the margin of the Gavião Block or, at least, different 
depocenter evolved along the same tectonic system.  
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Tabela 1: Locality and description of the samples and zircon grains investigate in this study. *The UTM coordinates of the outcrops are in WGS1984 datum - 24S 
zone. 
 
ID sample Location* Rock type 
Size 
(μm) 
Colour Shape Max. deposition age 
DB - 112 
N8871208 / 
E366607 
chlorite/biotite schist with 
magnetite 
>120 
colorless, pink to 
brown 
prismatic to sub-spherical  2113±14 Ma 
ETM - 29 
N8839448 / 
E376629 
sillimanite paragneiss  >250 
colorless, pink to 
brown 
prismatic to sub-spherical  2150±20 Ma 
DB - 10 
N8813450 / 
E351687 
biotite metagreywacke  >250 
colorless, pink to 
brown 
prismatic to sub-spherical  2075±12 Ma 
DB - 92 
N8799949 / 
E350903 
muscovite metagreywacke  >250 
colorless, pink to 
brown 
prismatic to sub-spherical  2075±12 Ma 
DB - 87 
N8760840 / 
E343781 
biotite gneiss  >200 pink to brown  dominantly rounded ca. 2500 Ma 
DB - 24E 
N8677172 / 
E369464 
green quartzite  >250 pink to brown  sub-rounded 2095±10 Ma  
DB - 23 
N8679806 / 
E352320 
biotite schist > 150 pink to brown  sub-rounded  2.0-2.1 Ga 
DB - 71 
N8648788 / 
E337204 











Table 2: Results of U–Pb zircon dating.  































DB - 71 004-Z1 0.6 91.2 0.294 4979 0.18 0.45 10.37 0.98 0.42 0.87 0.88 2605 7 2468 9 2250 17 91 
DB - 71 005-Z2 0.3 96.2 0.014 99681 0.18 0.46 11.76 0.87 0.47 0.74 0.82 2617 8 2586 8 2487 15 95 
DB - 71 010-Z7 0.4 100.0 0.007 196969 0.17 0.42 11.48 0.91 0.49 0.81 0.88 2515 7 2563 9 2563 17 102 
DB - 71 013-Z8 0.3 100.3 0.005 270918 0.18 0.41 12.71 0.84 0.51 0.73 0.85 2606 7 2659 8 2666 16 102 
DB - 71 015-Z10 0.3 94.7 0.110 13409 0.16 0.44 8.96 0.93 0.41 0.82 0.86 2399 8 2334 8 2206 15 92 
DB - 71 017-Z12 0.4 99.2 0.005 267821 0.19 0.41 13.43 0.87 0.52 0.77 0.86 2680 7 2711 8 2688 17 100 
DB - 71 020-Z15 0.2 101.1 0.006 219517 0.19 0.43 13.86 0.84 0.54 0.73 0.84 2670 7 2740 8 2771 16 104 
DB - 71 023-Z16 0.1 103.6 0.004 336983 0.18 0.41 12.99 1.00 0.54 0.91 0.91 2559 7 2679 9 2776 21 108 
DB - 71 025-Z18 0.3 98.7 0.005 290754 0.22 0.96 16.76 1.36 0.56 0.97 0.69 2902 16 2921 13 2882 22 99 
DB - 71 026-Z19 0.2 99.5 0.006 243332 0.18 0.59 12.62 1.03 0.51 0.85 0.80 2616 10 2652 10 2637 18 101 
DB - 71 028-Z21 0.3 99.9 0.004 335344 0.19 0.45 13.32 0.82 0.52 0.68 0.81 2657 8 2703 8 2700 15 102 
DB - 71 029-Z22 0.6 100.3 0.000 5307679 0.18 0.39 12.97 0.71 0.52 0.60 0.80 2624 7 2678 7 2686 13 102 
DB - 71 030-Z23 0.6 99.4 0.006 247659 0.18 0.36 12.95 0.76 0.51 0.67 0.86 2641 6 2676 7 2660 15 101 
DB - 71 033-Z24 0.3 99.2 0.005 253279 0.18 0.40 12.61 0.75 0.50 0.63 0.81 2620 7 2651 7 2630 14 100 
DB - 71 036-Z27 0.4 93.2 0.025 58598 0.18 0.37 11.03 0.83 0.44 0.74 0.88 2621 6 2526 8 2352 15 90 
DB - 71 037-Z28 0.6 98.5 0.013 111537 0.17 0.34 11.00 0.75 0.47 0.67 0.87 2507 6 2523 7 2484 14 99 
DB - 71 038-Z29 0.3 98.3 0.011 128050 0.19 0.34 13.11 0.77 0.51 0.69 0.88 2675 6 2688 7 2642 15 99 
DB - 71 046-Z34 0.2 95.6 0.075 19008 0.18 0.39 11.67 1.08 0.46 1.01 0.93 2624 7 2578 10 2461 21 94 
DB - 71 047-Z35 0.4 92.5 0.026 55067 0.19 0.40 11.33 0.89 0.44 0.79 0.88 2661 7 2551 8 2358 16 92 
DB - 71 048-Z36 0.2 97.6 0.034 42133 0.16 0.42 9.69 0.74 0.44 0.61 0.78 2408 7 2406 7 2347 12 97 
DB - 71 049-Z37 0.4 95.0 0.019 75680 0.19 0.44 12.07 0.78 0.47 0.64 0.79 2666 7 2610 7 2479 13 93 
DB - 71 053-Z39 0.4 98.1 0.010 143903 0.19 0.48 13.14 1.04 0.51 0.92 0.87 2682 8 2690 10 2638 20 98 
DB - 71 054-Z40 0.5 93.0 0.003 441366 0.18 0.79 10.81 1.16 0.44 0.85 0.71 2605 14 2507 11 2331 17 89 
DB - 71 055-Z41 0.6 99.1 0.024 57934 0.19 0.51 13.29 0.99 0.51 0.86 0.85 2673 9 2701 9 2675 19 100 
DB - 71 057-Z43 0.5 97.1 0.011 128546 0.17 0.39 10.71 0.78 0.46 0.68 0.84 2510 7 2498 7 2425 14 97 
DB - 71 059-Z45 0.9 98.2 0.005 282238 0.18 0.86 12.48 1.10 0.49 0.67 0.57 2631 15 2641 10 2592 14 99 
DB - 71 063-Z47 0.3 100.0 0.005 259257 0.18 0.48 13.02 0.92 0.52 0.78 0.83 2634 8 2681 9 2681 17 102 
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DB - 71 064-Z48 0.5 101.3 0.005 253244 0.17 0.43 11.89 0.87 0.50 0.76 0.85 2521 7 2596 8 2630 16 104 
DB - 71 065-Z49 0.5 100.4 0.005 276471 0.18 0.38 13.09 0.84 0.52 0.75 0.87 2632 6 2686 8 2695 16 102 
DB - 71 067-Z51 0.4 95.4 0.050 28402 0.18 0.91 11.63 1.48 0.46 1.17 0.78 2623 16 2575 14 2455 24 94 
DB - 71 068-Z52 0.5 98.5 0.008 165631 0.17 0.61 11.38 0.98 0.48 0.77 0.76 2538 11 2555 9 2517 16 99 
DB - 71 078-Z60 0.2 96.1 0.004 353038 0.18 0.74 11.27 1.15 0.46 0.88 0.74 2579 13 2545 11 2445 18 95 
DB - 87 004-Z1 0.4 98.5 0.017 81196 0.17 0.38 11.27 0.92 0.48 0.83 0.90 2529 7 2545 9 2506 17 99 
DB - 87 015-Z10 0.4 99.4 0.013 96243 0.23 0.33 19.52 0.81 0.60 0.74 0.90 3035 5 3068 8 3048 18 100 
DB - 87 017-Z12 0.4 97.8 0.013 108358 0.17 0.39 10.95 0.90 0.47 0.81 0.89 2517 7 2519 8 2462 17 98 
DB - 87 018-Z13 0.4 98.5 0.008 179158 0.17 0.40 10.93 0.87 0.47 0.77 0.87 2499 7 2517 8 2480 16 99 
DB - 87 026-Z19 0.2 98.5 0.021 67190 0.17 0.60 10.96 1.00 0.47 0.80 0.78 2504 10 2520 9 2480 17 99 
DB - 87 046-Z34 0.7 99.9 0.033 42424 0.17 0.71 11.48 1.24 0.49 1.01 0.80 2517 12 2563 12 2559 21 102 
DB - 87 053-Z39 0.9 99.3 0.019 75113 0.17 0.81 11.05 1.36 0.48 1.10 0.79 2494 14 2528 13 2510 23 101 
DB - 87 055-Z41 0.2 95.6 0.019 74412 0.17 1.21 10.53 2.33 0.44 1.99 0.85 2525 21 2482 22 2373 39 94 
DB - 87 057-Z43 0.6 92.8 0.213 6868 0.17 0.91 10.11 1.73 0.42 1.47 0.85 2555 16 2445 16 2260 28 88 
DB - 87 069-Z53 0.4 94.3 0.001 1309887 0.17 0.67 9.62 1.36 0.42 1.18 0.86 2470 12 2399 12 2261 22 92 
DB - 87 074-Z56 0.7 98.8 0.006 243904 0.17 0.57 11.37 0.97 0.48 0.79 0.79 2530 10 2554 9 2523 17 100 
DB - 87 075-Z57 0.1 98.3 0.067 20942 0.17 1.08 11.14 1.77 0.47 1.40 0.78 2524 19 2535 17 2489 29 99 
DB - 23 013-Z8 0.5 97.4 0.009 152260 0.18 1.07 12.17 1.48 0.49 1.03 0.68 2671 18 2618 14 2549 22 95 
DB - 23 016-Z11 0.4 98.2 0.033 41382 0.18 3.13 12.71 4.54 0.50 3.28 0.89 2697 52 2658 43 2608 70 97 
DB - 23 017-Z13 0.4 101.4 0.060 24698 0.13 0.82 7.26 1.37 0.40 1.09 0.79 2118 14 2144 12 2171 20 103 
DB - 23 022-Z16 0.3 94.8 0.071 20382 0.17 1.15 10.56 1.81 0.44 1.40 0.77 2595 19 2485 17 2354 28 91 
DB - 23 025-Z19 6.6 94.9 0.004 431965 0.12 0.97 5.55 1.21 0.32 0.73 0.67 2017 17 1909 10 1811 11 90 
DB - 23 027-Z21 0.5 101.6 0.245 5563 0.18 0.83 12.90 1.87 0.52 1.68 0.89 2648 14 2672 18 2705 37 102 
DB - 23 029-Z23 0.3 100.8 0.127 11228 0.16 1.42 9.96 1.73 0.46 0.99 0.72 2422 24 2431 16 2443 20 101 
DB - 23 037-Z28 0.5 99.9 0.008 186498 0.15 0.74 9.11 1.22 0.44 0.97 0.78 2350 13 2349 11 2347 19 100 
DB - 23 044-Z33 0.4 99.6 0.018 79760 0.17 1.23 10.98 1.84 0.48 1.36 0.73 2530 21 2522 17 2512 28 99 
DB - 92 004-Z01 0.6 98.4 0.027 55194 0.14 0.54 7.52 1.17 0.39 1.04 0.88 2161 10 2176 10 2139 19 99 
DB - 92 005-Z02 0.2 98.2 1.280 1029 0.22 0.69 16.76 1.05 0.56 0.78 0.74 2911 11 2921 10 2870 18 99 
DB - 92 006-Z03 0.3 95.9 1.286 1129 0.16 0.60 9.36 1.28 0.42 1.13 0.89 2409 10 2374 12 2278 22 95 
DB - 92 008-Z05 0.4 103.0 0.564 2427 0.17 0.63 11.81 1.79 0.51 1.68 0.94 2482 11 2589 17 2666 37 107 
265 
 
DB - 92 009-Z06 0.3 103.5 0.047 30739 0.14 0.59 8.17 1.63 0.43 1.52 0.93 2131 11 2250 15 2326 30 109 
DB - 92 010-Z07 0.5 101.5 0.006 202721 0.22 0.51 18.61 1.11 0.61 0.98 0.88 2945 8 3022 11 3068 24 104 
DB - 92 013-Z08 0.4 100.9 0.011 127374 0.15 1.20 8.95 1.94 0.44 1.53 0.78 2266 21 2333 18 2353 30 104 
DB - 92 014-Z09 0.3 101.0 0.103 14357 0.13 0.55 7.34 1.03 0.40 0.88 0.83 2090 10 2154 9 2169 16 104 
DB - 92 015-Z10 0.3 100.0 0.192 7566 0.15 0.70 8.67 1.27 0.43 1.05 0.82 2264 12 2304 12 2293 20 101 
DB - 92 016-Z11 0.6 100.1 0.008 171077 0.20 0.80 14.65 1.19 0.54 0.89 0.72 2744 13 2793 11 2797 20 102 
DB - 92 017-Z12 0.4 98.9 0.408 3661 0.13 0.80 7.14 1.64 0.39 1.44 0.87 2102 14 2129 15 2104 26 100 
DB - 92 020-Z15 0.1 99.6 0.025 58194 0.14 0.98 7.67 1.81 0.40 1.52 0.84 2154 18 2193 16 2183 28 101 
DB - 92 023-Z16 0.4 102.4 0.009 147877 0.18 0.50 12.90 1.36 0.53 1.26 0.93 2577 9 2672 13 2736 28 106 
DB - 92 025-Z18 0.6 95.0 0.264 4905 0.26 0.47 21.34 1.09 0.59 0.98 0.90 3212 7 3154 11 2995 24 93 
DB - 92 026-Z19 0.3 99.9 0.018 77839 0.15 0.45 9.26 1.08 0.44 0.98 0.90 2318 8 2364 10 2362 19 102 
DB - 92 027-Z20 0.7 100.0 1.442 1027 0.13 0.79 7.22 1.35 0.39 1.10 0.83 2089 14 2139 12 2139 20 102 
DB - 92 033-Z24 0.3 102.8 1.101 1311 0.14 0.78 8.28 1.21 0.43 0.92 0.76 2154 14 2262 11 2326 18 108 
DB - 92 034-Z25 0.5 95.1 0.192 7531 0.17 0.67 10.44 1.13 0.44 0.91 0.79 2535 12 2475 10 2346 18 93 
DB - 92 035-Z26 0.3 99.8 0.006 201858 0.22 0.49 18.00 1.04 0.59 0.92 0.87 2949 8 2990 10 2982 22 101 
DB - 92 037-Z28 0.3 100.6 0.544 2697 0.14 0.48 7.77 1.05 0.41 0.93 0.88 2142 8 2205 9 2218 18 104 
DB - 92 038-Z29 0.6 104.2 1.081 1205 0.19 0.65 14.99 1.25 0.58 1.06 0.85 2685 11 2815 12 2932 25 109 
DB - 92 039-Z30 0.5 98.8 0.011 118919 0.19 0.43 13.52 0.84 0.52 0.72 0.84 2694 7 2717 8 2684 16 100 
DB - 92 044-Z32 0.8 100.5 0.008 177809 0.13 0.39 7.12 0.73 0.39 0.62 0.81 2067 7 2127 7 2138 11 103 
DB - 92 053-Z39 0.4 94.3 0.448 3241 0.17 0.65 9.99 1.36 0.43 1.19 0.88 2505 11 2434 12 2294 23 92 
DB - 92 054-Z40 0.3 97.8 0.857 1720 0.14 0.90 8.02 1.15 0.40 0.71 0.60 2230 16 2233 10 2183 13 98 
DB - 92 055-Z41 0.2 99.8 0.127 11779 0.13 0.47 7.17 0.95 0.39 0.82 0.85 2093 9 2132 8 2121 15 101 
DB - 92 063-Z47 0.2 95.5 0.056 26923 0.14 0.65 6.98 1.02 0.37 0.79 0.74 2156 12 2109 9 2010 14 93 
DB - 92 064-Z48 0.3 97.5 0.367 4072 0.14 0.74 7.35 1.27 0.39 1.04 0.81 2156 13 2155 11 2102 19 97 
DB - 92 066-Z50 0.2 100.1 0.027 54847 0.14 0.56 7.59 0.93 0.40 0.75 0.77 2133 10 2183 8 2184 14 102 
DB - 92 067-Z51 0.1 98.2 0.237 5853 0.18 0.36 12.64 0.79 0.50 0.70 0.87 2649 6 2653 7 2597 15 98 
DB - 92 069-Z53 0.4 95.4 0.019 68317 0.25 0.59 20.11 1.06 0.58 0.88 0.81 3146 10 3097 10 2954 21 94 
DB - 92 070-Z54 0.6 95.2 0.097 15824 0.13 0.39 6.27 1.05 0.35 0.97 0.92 2070 7 2015 9 1914 16 92 
DB - 92 074-Z56 0.3 98.4 0.031 49132 0.13 0.68 6.85 1.13 0.38 0.91 0.78 2077 12 2093 10 2057 16 99 
DB - 92 075-Z57 0.4 97.7 0.876 1685 0.14 0.64 7.98 0.93 0.40 0.68 0.71 2226 11 2229 8 2178 13 98 
266 
 
DB - 92 077-Z59 0.4 101.3 0.014 105810 0.13 0.70 7.04 1.10 0.39 0.85 0.75 2041 13 2117 10 2144 16 105 
DB - 92 079-Z61 0.2 98.3 0.620 2375 0.14 0.48 8.04 0.91 0.41 0.78 0.84 2222 8 2235 8 2196 14 99 
DB - 24E 056-Z39 0.2 97.2 0.055 27909 0.13 1.25 5.97 1.63 0.35 1.05 0.83 2033 22 1971 14 1913 17 94 
DB - 24E 035-Z23 0.7 97.5 0.018 84236 0.13 1.25 6.54 2.22 0.36 1.83 0.82 2103 22 2051 20 2000 32 95 
DB - 24E 006-Z2 0.8 95.3 0.334 4562 0.13 1.18 6.64 1.53 0.36 0.97 0.82 2164 20 2065 13 1967 16 91 
DB - 24E 017-Z10 0.6 98.6 0.007 212774 0.13 0.84 6.75 1.86 0.37 1.66 0.89 2109 15 2079 16 2049 29 97 
DB - 24E 004-Z1N 0.7 100.1 0.014 106767 0.13 0.55 6.88 1.12 0.38 0.97 0.86 2094 10 2096 10 2097 17 100 
DB - 24E 013-Z7N 0.5 100.5 0.012 124604 0.13 0.78 6.95 1.16 0.39 0.86 0.72 2096 14 2105 10 2115 15 101 
DB - 24E 016-Z9 1.2 98.8 0.025 60259 0.13 0.75 6.97 1.25 0.38 1.00 0.91 2135 13 2108 11 2080 18 97 
DB - 24E 008-Z4 0.7 100.5 0.009 169841 0.13 0.53 6.98 1.20 0.39 1.07 0.89 2100 9 2109 11 2118 19 101 
DB - 24E 024-Z15 0.5 99.4 0.044 33941 0.13 0.49 7.00 1.21 0.38 1.10 0.91 2125 9 2111 11 2097 20 99 
DB - 24E 014-Z7B 0.5 100.4 0.032 46624 0.13 0.82 7.00 1.27 0.39 0.97 0.75 2105 14 2112 11 2119 18 101 
DB - 24E 005-Z1B 0.6 100.3 0.015 101510 0.13 0.78 7.02 1.30 0.39 1.04 0.79 2109 14 2114 12 2118 19 100 
DB - 24E 046-Z32 0.3 98.7 0.082 18212 0.13 0.91 7.07 1.12 0.38 0.65 0.74 2152 16 2121 10 2089 12 97 
DB - 24E 018-Z11 0.4 99.6 0.076 19531 0.13 2.54 7.09 3.68 0.39 2.67 0.72 2136 44 2123 33 2109 48 99 
DB - 24E 027-Z18 0.7 100.2 0.017 88210 0.13 0.92 7.12 1.41 0.39 1.07 0.74 2124 16 2127 13 2130 19 100 
DB - 24E 025-Z16 0.4 98.8 0.030 49261 0.13 0.53 7.14 0.85 0.39 0.66 0.74 2157 9 2129 8 2101 12 97 
DB - 24E 010-Z6 0.5 100.7 0.012 125962 0.13 1.73 7.17 2.15 0.40 1.28 0.81 2120 30 2133 19 2147 23 101 
DB - 24E 038-Z26 0.5 96.9 0.044 34016 0.14 1.32 7.19 2.50 0.38 2.13 0.85 2201 23 2135 22 2066 38 94 
DB - 24E 047-Z33 0.5 98.3 0.033 45372 0.14 1.42 7.21 2.41 0.38 1.95 0.81 2175 25 2138 21 2099 35 97 
DB - 24E 
053-
Z37N 
0.5 98.3 0.021 71221 0.14 0.70 7.21 1.23 0.39 1.01 0.81 2174 12 2138 11 2101 18 97 
DB - 24E 009-Z5 0.5 100.1 0.012 122403 0.13 0.58 7.24 1.40 0.39 1.28 0.91 2141 10 2141 13 2142 23 100 
DB - 24E 044-Z30 0.8 100.1 0.025 59922 0.13 1.25 7.24 1.95 0.39 1.50 0.76 2141 22 2142 17 2143 27 100 
DB - 24E 015-Z8 0.5 101.5 0.018 81457 0.13 0.73 7.32 1.00 0.40 0.68 0.64 2122 13 2151 9 2182 13 103 
DB - 24E 020-Z13 0.7 101.0 0.006 254298 0.13 0.72 7.35 1.18 0.40 0.93 0.88 2134 13 2155 11 2176 17 102 
DB - 24E 059-Z42 0.2 99.7 0.060 24745 0.14 1.40 7.45 2.04 0.40 1.48 0.72 2176 24 2167 18 2158 27 99 
DB - 24E 028-Z19 0.3 101.9 0.017 84904 0.13 0.53 7.49 1.23 0.41 1.11 0.89 2135 9 2172 11 2212 21 104 




DB - 24E 
054-
Z38B 
0.3 101.4 0.017 87276 0.13 0.64 7.59 1.10 0.41 0.90 0.80 2156 11 2184 10 2213 17 103 
DB - 24E 040-Z28 0.5 103.0 0.023 63535 0.13 2.24 7.67 2.68 0.42 1.48 0.78 2133 39 2194 24 2259 28 106 
DB - 24E 043-Z29 0.4 102.3 0.025 57794 0.13 0.97 7.74 1.57 0.42 1.24 0.78 2155 17 2201 14 2251 24 104 
DB - 24E 019-Z12 0.3 100.6 0.014 102605 0.14 0.53 7.80 1.11 0.41 0.98 0.87 2198 9 2209 10 2221 18 101 
DB - 24E 037-Z25 0.4 103.9 0.026 55127 0.13 1.04 7.83 1.62 0.43 1.25 0.76 2135 18 2211 15 2295 24 108 
DB - 24E 050-Z36 0.8 103.4 0.731 2004 0.14 0.80 7.89 1.11 0.42 0.77 0.82 2196 14 2219 10 2243 15 102 
DB - 24E 049-Z35 0.5 103.7 0.008 179521 0.13 0.68 7.98 1.39 0.43 1.22 0.87 2154 12 2228 13 2310 24 107 
DB - 24E 030-Z21 0.3 104.6 0.010 149414 0.13 1.40 8.21 1.61 0.44 0.78 0.69 2162 24 2254 15 2358 15 109 
DB - 24E 029-Z20 0.4 94.1 0.001 2877420 0.13 0.54 5.97 1.00 0.33 0.84 0.82 2095 10 1972 9 1856 14 89 
DB - 24E 048-Z34 0.4 105.3 0.004 327388 0.14 0.56 8.44 0.92 0.45 0.73 0.76 2173 10 2280 8 2401 15 111 
DB - 24E 045-Z31 0.3 97.3 2.767 542 0.13 1.01 6.74 1.63 0.37 1.25 0.77 2133 18 2078 14 2023 22 95 
DB - 24E 058-Z41 0.4 106.5 0.059 24127 0.14 0.63 8.67 1.36 0.46 1.20 0.88 2177 11 2304 12 2449 24 113 
DB - 24E 057-Z40 0.3 107.8 0.021 66782 0.14 0.80 9.08 1.83 0.48 1.64 0.90 2191 14 2346 17 2528 34 115 
DB - 10 004-Z1 0.6 100.4 0.007 209739 0.17 0.70 12.06 1.05 0.50 0.79 0.72 2602 12 2609 10 2618 17 101 
DB - 10 007-Z3 0.3 96.6 0.013 117599 0.13 0.60 6.05 2.20 0.35 2.11 0.96 2055 11 1984 19 1916 35 93 
DB - 10 009-Z5 0.3 101.3 0.006 239563 0.14 0.52 7.81 1.55 0.41 1.46 0.94 2183 9 2209 14 2237 28 102 
DB - 10 014-Z8 0.9 102.7 0.003 447697 0.19 1.31 14.24 1.50 0.55 0.73 0.45 2713 22 2766 14 2840 17 105 
DB - 10 019-Z11 0.8 101.5 0.028 49526 0.18 1.23 12.64 2.92 0.52 2.65 0.91 2624 20 2653 27 2691 58 103 
DB - 10 020-Z12 0.4 101.5 0.007 170024 0.27 0.62 25.61 1.31 0.69 1.15 0.87 3302 10 3332 13 3381 30 102 
DB - 10 023-Z13 0.2 98.5 0.267 4804 0.24 2.93 20.00 3.59 0.60 2.08 0.58 3122 46 3091 34 3044 50 98 
DB - 10 026-Z16 0.3 99.9 0.004 381702 0.20 0.52 14.61 1.80 0.54 1.73 0.96 2792 8 2790 17 2788 39 100 
DB - 10 028-Z18 0.3 93.9 0.033 45337 0.15 0.86 7.76 1.83 0.38 1.62 0.88 2333 15 2203 16 2066 29 89 
DB - 10 029-Z19 0.5 103.8 0.007 196283 0.14 0.69 8.53 1.58 0.45 1.42 0.89 2213 12 2289 14 2375 28 107 
DB - 10 030-Z20 0.5 103.5 0.004 414866 0.13 0.54 7.91 1.30 0.43 1.18 0.90 2149 9 2220 12 2299 23 107 
DB - 10 033-Z21 0.6 102.0 0.002 505467 0.26 1.54 24.41 1.78 0.68 0.89 0.48 3245 24 3285 17 3351 23 103 
DB - 10 034-Z22 0.2 98.2 0.150 9953 0.14 0.60 7.35 1.55 0.39 1.43 0.92 2201 10 2155 14 2108 26 96 
DB - 10 
036-
Z24N 
0.6 103.0 0.009 140197 0.19 0.46 14.68 1.22 0.56 1.13 0.92 2736 8 2795 12 2877 26 105 
DB - 10 038-Z25 0.3 102.9 0.041 32394 0.19 1.34 14.68 3.00 0.56 2.69 0.89 2739 22 2795 29 2873 62 105 
DB - 10 043-Z28 0.6 100.4 0.010 152994 0.14 0.69 7.81 1.28 0.41 1.07 0.83 2202 12 2210 11 2218 20 101 
268 
 
DB - 10 045-Z30 1.2 101.8 0.008 158105 0.19 0.60 14.96 0.95 0.56 0.74 0.75 2776 10 2813 9 2864 17 103 
DB - 10 050-Z35 0.6 99.9 0.003 484417 0.13 0.51 7.38 1.22 0.40 1.11 0.90 2160 9 2159 11 2157 20 100 
DB - 10 055-Z37 0.2 101.4 0.049 27174 0.20 1.00 15.33 4.72 0.56 4.61 0.98 2810 16 2836 45 2873 107 102 
DB - 10 057-Z39 0.3 101.6 0.007 216955 0.14 1.01 8.17 6.77 0.43 6.70 0.99 2218 18 2250 61 2286 129 103 
DB - 10 060-Z42 0.8 99.8 0.006 248367 0.18 0.54 12.84 1.20 0.51 1.07 0.88 2673 9 2668 11 2661 23 100 
DB - 10 
065-
Z45N 
0.4 103.0 0.064 18636 0.26 1.35 25.43 2.54 0.70 2.15 0.84 3266 21 3325 25 3422 57 105 
DB - 10 067-Z46 1.0 98.7 0.746 2013 0.13 0.63 6.76 3.23 0.38 3.17 0.98 2108 11 2081 28 2053 55 97 
DB - 10 068-Z47 0.5 99.1 0.266 5706 0.13 0.70 6.40 1.26 0.36 1.04 0.82 2069 12 2032 11 1996 18 96 
DB - 10 074-Z51 0.6 100.7 0.014 99870 0.17 0.64 11.33 4.07 0.49 4.02 0.99 2536 11 2551 38 2569 85 101 
DB - 10 085-Z60 0.7 107.3 0.012 101782 0.19 0.76 16.39 1.77 0.62 1.60 0.90 2756 12 2900 17 3111 40 113 
DB - 10 090-Z65 0.6 97.7 0.009 161200 0.18 0.93 12.27 2.03 0.49 1.81 0.89 2672 15 2625 19 2565 38 96 
DB - 10 092-Z66 0.5 94.8 0.015 101350 0.14 0.86 6.81 3.18 0.36 3.07 0.96 2198 15 2087 28 1977 52 90 
DB - 10 093-Z67 0.8 99.9 0.009 149962 0.19 0.79 13.25 1.20 0.52 0.90 0.73 2700 13 2697 11 2693 20 100 
DB - 10 097-Z71 0.3 105.6 0.015 79198 0.23 0.78 21.42 2.44 0.68 2.31 0.95 3048 12 3158 24 3333 60 109 
DB - 10 083-Z58 0.5 99.1 0.007 198988 0.13 0.67 7.18 2.02 0.39 1.91 0.94 2153 12 2134 18 2114 34 98 
DB - 10 024-Z14 0.3 94.4 0.282 5510 0.13 1.26 5.84 2.25 0.33 1.87 0.82 2090 22 1952 20 1824 30 87 
DB - 10 079-Z56 0.3 92.7 0.320 4857 0.13 0.93 5.82 3.00 0.32 2.85 0.95 2104 16 1950 26 1809 45 86 
DB112_1 52 0.6 72.4 0.049 38300 0.14 1.54 7.37 2.17 0.38 2.25 1.04 2267 17 2179 17 2118 37 93 
DB112_6 57 0.5 127.4 0.023 82750 0.13 1.11 7.57 1.23 0.40 1.30 1.06 2177 12 2180 11 2164 24 99 
DB112_8 59 0.9 141.4 0.037 50500 0.14 1.26 6.80 1.62 0.36 1.83 1.13 2185 14 2084 15 1975 31 90 
DB112_9 60 0.4 58.8 0.044 42400 0.13 1.36 6.73 1.49 0.36 1.66 1.12 2157 15 2076 14 1982 28 92 
DB112_11 62 0.7 113.7 0.039 47900 0.13 1.42 6.81 1.76 0.37 1.81 1.02 2159 15 2082 15 2001 31 93 
DB112_12 63 0.8 20.7 0.233 8025 0.13 2.24 7.18 2.09 0.39 2.07 0.99 2183 22 2121 18 2116 37 97 
DB112_16 67 0.4 35.3 0.072 25900 0.14 1.59 7.57 1.59 0.39 1.62 1.02 2216 16 2178 14 2146 29 97 
DB112_21 73 0.8 180.0 0.027 69500 0.27 1.15 24.27 1.44 0.65 1.70 1.18 3315 11 3279 15 3231 42 97 
DB112_23 75 0.4 32.0 0.082 22900 0.13 1.35 7.37 1.36 0.40 1.45 1.07 2149 14 2155 12 2162 26 101 
DB112_26 78 0.8 195.3 0.025 73600 0.18 1.07 12.09 1.32 0.49 1.46 1.10 2648 11 2608 12 2545 31 96 
DB112_27 79 0.4 51.6 0.051 36650 0.13 1.26 7.28 1.24 0.39 1.36 1.10 2175 13 2143 11 2123 24 98 
DB112_29 81 0.6 83.0 0.048 39300 0.13 1.28 7.01 1.43 0.38 1.49 1.04 2147 13 2111 13 2052 26 96 
269 
 
DB112_31 83 1.2 42.5 0.166 11275 0.13 2.03 7.24 1.93 0.39 1.88 0.97 2183 21 2130 17 2134 34 98 
DB112_32 84 0.5 54.0 0.040 46850 0.13 1.39 7.29 1.51 0.41 1.42 0.94 2101 15 2150 13 2205 26 105 
DB112_37 89 0.4 54.9 0.043 43550 0.14 1.31 7.13 1.54 0.37 1.66 1.07 2200 13 2125 14 2046 29 93 
DB112_40 92 1.1 93.6 0.070 26800 0.13 1.73 6.95 1.73 0.38 1.65 0.95 2156 17 2098 15 2056 29 95 
DB112_41 93 0.6 107.4 0.036 52200 0.13 1.21 6.80 1.38 0.37 1.50 1.09 2132 13 2084 12 2005 26 94 
DB112_43 95 0.4 57.3 0.052 36050 0.14 1.47 7.14 1.33 0.38 1.52 1.14 2202 15 2124 12 2055 27 93 
DB112_46 98 0.5 79.6 0.044 42200 0.13 1.34 7.46 1.47 0.40 1.59 1.08 2183 13 2166 14 2141 29 98 
DB112_49 101 0.3 37.3 0.063 29500 0.13 1.42 7.74 1.42 0.42 1.46 1.03 2151 15 2199 12 2252 27 105 
DB112_51 103 0.7 45.7 0.112 16750 0.14 2.43 7.33 2.05 0.40 2.08 1.02 2183 24 2141 19 2151 37 99 
DB112_53 105 0.6 78.5 0.049 38000 0.13 1.42 7.82 1.41 0.42 1.50 1.07 2166 15 2206 13 2255 28 104 
DB112_59 111 0.4 30.6 0.094 19800 0.13 1.59 7.39 1.62 0.40 1.61 0.99 2150 17 2159 14 2184 30 102 
DB112_61 113 0.8 74.9 0.067 27850 0.13 1.46 7.02 1.42 0.38 1.51 1.06 2125 15 2108 13 2093 27 98 
DB112_62 114 0.4 15.6 0.164 11380 0.13 1.82 7.42 1.89 0.41 1.88 1.00 2146 19 2155 16 2208 35 103 
DB112_63 115 0.3 23.4 0.088 21250 0.13 1.66 7.43 1.62 0.40 1.62 1.00 2150 17 2158 14 2174 30 101 
DB112_66 118 0.9 63.4 0.089 21050 0.13 1.80 7.01 1.71 0.38 1.85 1.08 2162 18 2112 16 2062 33 95 
DB112_67 119 0.9 188.0 0.033 57100 0.13 1.25 6.93 1.44 0.39 1.55 1.07 2092 13 2100 13 2108 28 101 
DB112_68 120 0.6 109.1 0.037 50050 0.13 1.28 7.14 1.40 0.39 1.52 1.09 2145 13 2124 12 2108 27 98 
DB112_69 121 0.6 37.0 0.109 17200 0.13 1.86 7.45 1.88 0.40 1.88 1.00 2186 19 2162 16 2180 35 100 
DB112_73 126 0.4 32.6 0.095 19650 0.15 1.79 8.23 1.70 0.41 1.66 0.98 2270 19 2243 15 2231 31 98 
DB112_77 131 0.4 37.6 0.068 27600 0.13 1.36 7.36 1.36 0.40 1.46 1.07 2151 14 2152 13 2161 27 100 
ETM29_3 38 0.1 38.9 0.035 52900 0.13 1.81 7.12 1.97 0.38 2.26 1.15 2153 20 2121 18 2089 40 97 
ETM29_4 39 0.5 107.4 0.046 40550 0.13 2.38 7.28 2.61 0.39 3.05 1.17 2165 26 2142 24 2118 53 98 
ETM29_5 40 0.5 228.7 0.024 77400 0.18 2.14 13.34 2.25 0.53 2.44 1.08 2690 22 2690 21 2735 55 102 
ETM29_6 42 0.6 220.6 0.032 59350 0.14 2.00 8.54 2.22 0.44 2.29 1.03 2246 22 2287 20 2316 45 103 
ETM29_10 50 0.3 103.7 0.034 54650 0.13 1.86 6.96 2.44 0.37 2.55 1.05 2172 21 2089 21 2021 44 93 
ETM29_13 55 0.5 170.6 0.030 62850 0.14 2.05 7.69 2.34 0.41 2.46 1.05 2195 21 2183 20 2182 47 99 
ETM29_16 60 0.1 73.4 0.024 76700 0.13 1.83 7.55 2.65 0.40 2.72 1.03 2140 20 2153 23 2159 50 101 
ETM29_18 65 0.4 98.8 0.047 40050 0.13 2.11 7.17 2.37 0.38 2.53 1.07 2160 23 2123 21 2085 45 97 
ETM29_19 66 0.6 137.0 0.046 40950 0.15 1.95 9.04 2.21 0.44 2.29 1.03 2354 20 2332 20 2327 47 99 
ETM29_23 79 0.5 177.7 0.030 63350 0.14 1.63 7.47 2.01 0.39 2.03 1.01 2169 18 2163 17 2137 36 99 
270 
 
ETM29_24 80 0.8 206.0 0.035 53950 0.13 1.74 7.69 2.08 0.41 2.24 1.08 2158 19 2187 19 2225 42 103 
ETM29_34 94 1.1 242.0 0.037 50700 0.17 1.89 11.13 2.34 0.46 2.61 1.12 2613 19 2530 21 2428 53 93 
ETM29_41 112 1.3 208.6 0.067 27900 0.14 2.30 8.15 2.94 0.41 2.23 0.76 2239 28 2204 25 2196 41 98 
ETM29_42 114 0.2 19.5 0.072 25850 0.13 1.97 7.22 2.08 0.39 2.10 1.01 2146 21 2135 18 2093 37 98 
ETM29_46 118 1.0 373.0 0.026 72300 0.18 1.75 12.59 1.99 0.50 2.38 1.20 2651 17 2647 19 2629 51 99 
ETM29_48 122 0.5 180.0 0.030 62700 0.14 1.63 7.71 2.20 0.40 2.26 1.03 2195 18 2196 20 2148 42 98 
ETM29_54 128 0.6 159.9 0.037 51000 0.17 1.41 12.24 1.88 0.50 1.87 0.99 2571 16 2615 18 2628 40 102 
ETM29_56 130 0.6 125.2 0.049 38050 0.14 1.84 7.90 2.03 0.41 2.20 1.09 2188 21 2223 19 2220 42 101 
ETM29_57 131 0.5 128.0 0.044 42750 0.14 1.78 7.25 2.07 0.38 2.13 1.03 2191 19 2140 18 2067 38 94 
ETM29_59 133 1.0 319.0 0.031 60450 0.14 1.54 7.92 1.77 0.41 1.78 1.01 2190 17 2217 16 2211 33 101 
 
 
 
